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ABSTRACT
The

possible

toxic effect of crude oil and dispersant on the

reproduction and perfonnance of common marine fish in the United
Arab Emirates coasts were investigated.

(Siganus

rabbitfish

Adult

canaliculatlls) were

female and juyenile

exposed

to

different

concentration of ShaIjah light crude oil (0, 4, 6 ml crude oi1J1) in the
presence

or absence of 0.3 mlll Nalfleet dispersant (Maxi-Clean

2)

dissolved i n sea water. Juvenile fish were exposed t o treatments for 3. 6.

9 or 15 days and adult female were treated for 18 days. At the end of
each experimental period histopathological changes in the skin, gills
as well as two biomarker indicators (cytochrome P450

liver and ovary,
and

7-etho�)Tesorufin-o-deethylase,

Results

indicated

that

EROD) acti\lity were examined.

treatment with dispersant induced a greater

histopathological changes on adult female and juvenile rabbitfish skin,
gills and liver than did a mixture of crude oil plus dispersant. Whereas.
the effect of a mi}..iure of crude oil plus dispersant had a greater effect
than

did

dispersant

only

on

the

female ovary. In addition, high

concentration (611111) of crude oil. crude oil plus dispersant or dispersant
only

induced

both

C) 10chrome

P450

and

EROD actiyities.

In

conclusion. the present study documents for the first time that both
crude

oil

and

dispersant ind uced histopathological changes in fish

tissues and altered folicular development in adult rabbitfish. Crude oil
and dispersant toxicity were also demonstrated by induction of both
cytochrome P450 and EROD activity.
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dispersant showing lamellar fusion occurred at the
tips of secondary lamellae. H&E. x50.
Figure 44

Trans\'erse section of Adult female rabbitfish gills,
Siganus canalkL.dalus

95

exposed to a mixture of

soluble fractions of 6ml1 crude oil and 0.3mVI
dispersant

showing

fusion

of the secondary

lamellae tips v·;ith each other. H&E, x5 0.

Figure 45

Trans, erse section of Adult female rabbitfish gills,
Siganus canaliculafus

97

exposed to a mixture of

soluble fractions of 6mlll crude oil and 0.3mlll
.
.
dispersant showing l11crease m the number of
mucous

secreting

cells with fused secondary

lamellae tips. H&E, x40.
Figure 46

Transyerse

section

of

control

Adult

female

rabbitfish liver, Siganus canaliculatus showing
normal architecture� central vein, ,blood sinusoids.
bile duct, and hepatoc)tes. H&E. x50.

xix

97

Figure 47

Transverse

section

of

control

Adult

female

99

liver. Siganus canaliculatus showing

rabbitfish

normal architecture. H&E, x400.
Figure 48

Transverse section of Adult female rabbitllsh liv·er.

99

Siganus canaliculatus exposed to 6ml1 of soluble

fractions of crude oil for 1 8 days showing a slig.ht
disturbance of the normal architecture of the liYer.
Arrow head indicate yellow precipitates that are
found in the yicinity of the blood cells. H&E. x200.
Figure 49

Transyerse section of Adult female rabbitfish liver.

100

Sig anus canaliculalus exposed to 6 mI,l of soluble

fractions of crude oil for 1 8 days shO\ying fat
vacuolation. and enlargement of hepatocytes and
s\\

Fi�ure 50

elling of c)toplasm. H&E, x400 .

Trans\'erse section of Adult female rabbitfish liver.
Siganus

exposed to 0.3

canaliculatus

dispersant

only

architecture

of

100

mL I

showing loss of the normal
'-'

liver

parenchyma.

Masses of

yellowish pigment and cell debris were scattered.
H&E. x50.
Figure 51

Transverse section of Adult female rabbitfish liver,
Siganus

dispersant
enlarged

canaliculaflls

exposed

to

0.3

mlll

only shO\ving some hepatocytes were
with

shrunken

membranes

cytoplasmic vacuoles. H&E. x400.
xx

and

102

Figure 5 2

Transverse section of Adult female rabbitllsh liver.

102

Siganus canaliculatus exposed to a mi}..:1 ure

mIll of soluble fractions of crude oil and 0.3 m11 of
dispersant showing loss of normal architecture of
hepatoc)tes. Epithelium forming the wall of bile
ductule was disorganized and

yellowish pigment

was trapped. H&E� XSO.

Figure 53

Transverse section of Adult female rabbitfish liver.
Siganus canaliculatus

103

exposed to a mi}..'tlire of

6mlll soluble fractions of crude oil and 0.3 mll1
dispersant

for

cytoplasmic

18

days

vacuolation,

showing
these

e;>..1:ensive

C) 'toplasmic

vacuoles pushed nuclei to one side. H&E. x400.

Figure 54

Transyerse

section of Adult female rabbitfish

Siganus

oyary,
showing

103

canaliculatus in control fish

normal oocytes fully developed and

normal yolk: formation had occurred. H&E, :200.

Figure 55

Transverse
ovary,

section of Adult female rabbitfish

Siganus

showing the

106

canaliculatus in control fish

structure of normal oocytes which

consists of Zona radiata, Zona granulosa, Nuclei,
theca,

yolk vesicles,and yolk granules. Mallory

triple, x400.
Figure 5 6

Transverse section Adult female rabbitfish ovary,
•

Siganus canaliculatus exposed to 6 mIJI of soluble
•

XXI
•

106

fractions of crude oil for 1 8 days showing nonnal
ooc)1es

fully

developed,

while others didn't

develop. PAS, x50 .
Figure 57

Enl argement of Adult female

rabbitfish ovary,

1 07

Siganus canaliculatlfs exposed to 6 m lll of sol uble

fractions

of

crude oil

showing oocytes ful ly

developed while others at secondary stage. H&E,
x200 .
Figure 5 8

Transverse section o f Adult

female

rabbitfish

1 07

ovary. Siganus canaliculatus exposed to 0 . 3mll l
dispersant only showing OOC)tes fu l ly developed,
while

few number of oocvtes did not

develop.

Mallory triple. x50 .
Figure 59

Transverse section of Adult female rabbitfish ovarv
Siganus

di spersant

canaliculatus

exposed

1 09

to 0 . 3 mL 1

sho\\'ing ooc)1es ful ly de\'eloped and

oocytes did not d evelop. H&E. x200 .
Figure 60

Tran s\'erse section of Adult female rabbitfish ovary,
Siganus canaliculatus

soluble

1 09

exposed to a m i:x'ture of

fractions of 611111 crude oil and O . 3 mL'l

dispersant
undeveloped

for 1 8 days showing the majority of
primary

OOC}tes,

and secondary

ooc)tes. Mallory triple, x50 .
Figure 6 1

Transverse section of Adult female rabbitfish o\'ary,
Siganus canaliculatus
XXll

exposed to a m i:\.11.1re of

1 10

sol u ble fractions

of 61111,1 crude oil and 0 . 3 m11

dispersant showing
oocvtes . H&E.

x

200.

haemorrhage case and atretic
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LITE RA TUR E REV I EW
1.1

INTRODUCTION

The Middle East Countries produce 30%
production.

Most of this oil is exported via sea or pipelines while

less than 10%

is used locally

(Dick 1987).

East countries, the Gulf countries consider
to the

crude oil.

Among the Middle
the largest producers

The United Arab Emirates is one of the largest

oil producing countries in the Gulf region.
sources

of

(Linden et aI.1990).

transportation
fisheries.
of

In the Gulf: major

marine oil pollution comes from ballast water and

other oily water which ranged
1986

of the world oil

by

oil

from 400,000 to 750,000 tones in
Oil pollution due to shipping and

tankers can cause a serious threat to

It is difficult to get red of oil in the Gulf due to the rates

turnover of water which is estimated at 3.5 years

(Hunter

1986).
The Gulf war is one of the greatest
history (West 1993).
barrels

In January 1991, about 1 to

of oil were released into the Gulf.

forests

breading�

Salt

spraying

were heavily oiled which are considered the

Thus it became obligatory to combat oil spill

dispersants.

dispersant (Maxi-clean 2)

During

Fujairah

oil spill, Nalfleet

was used to combat oil spill as one of

the widely used techniques to combat the spillage
(Figure

marshes and

nursing and feeding habitats for small fish, shrimp and

other invertebrates .
by

6 million

Around 500 kilometers

of sandy and rocky beaches were affected.
mangrove

disasters in modern

1).

Therefore,

available for this purpose

a

in open sea

number of foreign dispersants are

lRAQ .

. ' ''.

$ S'

sf

�

sf

.

Figure 1 Map �fUAE shows the location ofFujairah oil spill, 1994

2

Oil
(PAHs)

pollutants
and

Hendricks
al.1982)

such

as; polycyclic aromatic hydrocarbons

polychlorinated

1982);

oil

biphenyls

(PCBs),

contaminated

(Meyers

sediment

PHCs (Khan 1995) and water-soluble

and

(Haensly

et

fractions (WSF)

of diesel fuel and naphthalene (Thomas and Budiantara 1995),
has

been

tissues.

shown

to produce histopathological changes in fish

Therefore, histopathology provides a sensitive indicator

of sublethal stress induced
1988;

by environmental contaminants (Hunn

Hinton and Lauren 1990).

investigator

(Payne

In addition,

a number of

and Penrose 1975; Stegeman and Klopper

Sams 1987; and Burgeot et al. 1994) have suggested that the
induction of EROD and P450 enzymes in fish
employed

widely

as

bioindicators

liver have been

in environmental monitoring

studies in the aquatic environment .
Consequently,
investigate

any

the

present

study

was

(Maxi-clean

2).

Since

they

contaminants of aquatic environment in
to investigate their effects on
(Siganus

to

histopahtological changes in rabbitfish (Siganus

canaliculatus) exposed to Sharjah light crude

Nalfleet

undertaken

canaliculatus)

was

because of its high economic

oil and dispersant
are

the

common

UAE, they were selected

fish populations. Coastal rabbitfish
chosen

as

an

artificial

model,

importance , and being a common

diet to UAE nationals.
1.2 Fisheries in the Arabian Gulf

Fisheries

m

the

Arabian

Gulf

States

represent

a

fundamental source of food security, income and protein source.
Fish in the Gulf are an important sources of human nutrition since
the

ancient

time.

The fisheries of the Gulf: particularly for
3

shrimp,

are

of

considerable

industrial

sector

artisanal

fisheries

communities

IS

Slllce

a

importance

multi-million

have

to

dollar

provided

a

earliest history.

the

regIOn,

the

industry, while the

livelihood

for

coastal

The use of simple fishing

traps set in the intertidal and subtidal zones still continues.

Local

fishing crafts, now motorized, from the other main component of
the present day artisanal fishery.
fishennan target shrimps during

While many of the artisanal
the season, diverse by catches of

finfish, crustaceans and shellfish are also caught in their trawls.
fishennan

Artisanal
"gargoors"

to

catch

fish,

a

significant

finfish are also taken.
tons

target

speCIes

semisuleatus,
Then us

the

of

grouper

very productive and
artisanal landings.

fishery sector in the Gulf since the
captured, whereas now

and 335,500 tons (Shellfish and finfish)

include

orientalis),

traps,

Total landings in the Gulf for 1986 were

(Shrimp)

and

basket

hamour

total

Initially only shrimp were

1960s.

13600

subtidal

primarily

proportion

There has been an industrial
early

use

This trap fishery IS

Epinephelus eoioides.

compnses

also

penaeid

smaller
as

shrimp,

quantities

well

as

III

particular

Penaeus

of other crustaceans (e.g.

finfish (e.g. groupers, spanish

mackerel and caranjids).
The pearl

fisheries of the Gulf were once world famous and

globally

important,

pearls.

Two species of pearl oysters are important in the Gul£:

Pinetada

but

radiata and

commercially

declined

after

P. margaritifera.

threatened.

grass

Sea

the

advent of cultured

The latter is regarded as
beds

and

macroalgae,

pearl
especially sargassum, are favofed habitats for Adult female

4

•

oysters

whereas adult

females are found on rocks and other hard

surface.
The

Gulf

ecosystems.
the

as

a

whole

IS

dominated

by soft substrate

Elevation and depth contours between

UAE

are

generally

extremely

gradual,

Kuwait and

leading

to highly

sedimentary environment, encouragmg growth of sea grasses and
algae beds.

Of particular significance are several so called critical

marine habitats (Ray
high

biological

breeding

or

1976).

Ecological attributes of these includ;

productivity,

nesting

of

particularly rich in species

prOVISIon

manne

and

of

nutrients,

other

feeding,

animals,

areas

(e.g. Coral reefs), and areas important

for

sustaining populations of species at some or all phases of their

life

cycle (e.g.

pearl

seagrass and macroalgae for commercial shrimp,

oysters, dogong and green turtles).

marine ecosystems are
10 to 12 m.

In the Gulf: critical

confined mostly to shallow water less than

An important consideration is that this area coincides

with areas of greatest human activity ( ruCN 1987; Price 1990).
Hard substrate habitats are important, particularly away from the
coasts.

These include coral reefs and carbonate platfonns with

substantial algae growth.

While not as extensive as the soft substrate,

these support a higher biological diversity.

Like most other species

groupers, the fish funa of the Gulf is less diverse than that of the adjacent
Indian Ocean. The most detailed studies have been on the coral reefs of
the western Gulf where over 180 species have been reliably recorded (
Smith et a1.

1987; Downing 1989; Coles and Tarr 1990). Reef fish are

probably the best studied on the Gulf Ichthyofauna, fish which inhabit

5

soft substrate and non-reefal habitats are by far most important in fishery
terms and in number of species.
In terms of

fishery situation after Gulf war 1991, the Saudi

Arabia prawn landings fell markedly.

Landing

fell from nearly

4000 tons in 1989 to about 25 tons in the first half of 1992

,

causing suspension
et

of the prawn fishery. A plankton survey (Price

al. 1993) carried out on the spawning ground showed that

penaeid

eggs

magnitude

and

lower

larval
in

1992

suggests that a man made

abundances were about an order of
than

earlier

years.

The evidence

recruitment collapse occured.

This is

caused by one or more of the following reduced spawnmg success
m 1992 and
to pollution
(3)

in 1991, (2) interference with biological processes and

life cycle of Green tiger shrimp, P.

1991-1992
1.3

perhaps in 1991: (1) morbidity of adult females due

semisulcatus, reducing

spawning biomass.

E nl-ironmental

Condition of the Ara bian Gulf.

The Arabian Gulf is an almost enclosed, typical marginal
Indian Ocean by the narrow strait of Hormuz.

sea separated from
It

isolation

warm

climate

and

impressive

resources have

oil

induced interest in Scientists for quite sometime.

The width of the
The average

Gulf at the strait of Hormuz is only 35 statute miles.
depth of Arabian Gulf is about 31 meters.
is 210 miles.
Hormuz

The length of the Gulf

It is reported that a ship passes through the strait of

six minutes.

The environmental conditions

of the Gulf

are considered umque in some respects and this will obviously
influence

the

biology

and behavioral pattern of animals living

there in (Simmonds and Lambreuf 1981). In the

6

Arabian Gulf:

e aporation exceeds the precipitation and run off from the river
Tigris and Euphrates together forming the Shatt AI Arab located
at

its

northern extremity and therefore the water salinities are

high.

The offshore surface water

(off

Kuwait)

Thermoclin e

to

34°C

temperature ranges from 18°C

(between

Qatar

and

UAE).

The

IS marked only in summer and difference between

the surface and bottom water temperature can reach 10°C even in
shallow waters.

Surface salinity averages 37 to

central part of Arabian Gulf whereas it

40 ppt. in the

is 40 to 50 ppt. in the

shallow coasts of UAE and it is 68 to 70 ppt. in remote lagoons
and

bays.

Salinity increases 2 to 4 ppt. with depth in the central

part of Gulf (Purser and Seibold 1973).
The

surface

circulation

appears to be counter clockwise,

movmg northwesterly along the Iran coast and out flowing water
mOVIng

southeasterly

along the Arabian coast ( Emery 1956).

Dissolved oxygen ranges from 3 .5

to 5.5 mgll in winter and the

bottom water oxygen range IS only 1.5 to
(Alkole and Solovior 1978).

The plankton biomass showed on

annual mean over 200 mg/m3
1978).

3.5 mg/l In summer

for the Gulf (Alkole and Solovior

The surface area of Gulf is 0.24 million square Kilometers

and it has a water content of 6000 cubic kilometers.
The
uniform
winds

meteorological
during

conditions

in

the

area

almost

the summer months, with only slight northerly

(not exceeding force 2 Beaufort scale, temperatures of 30 to

32°C and almost no precipitation In the whole
winter,

are

region.

During

the mountains north of the Gulf influence conditions in the

northe rn region, which is
and southern parts.

then cooler and rainier than the central

The aIr temperature falls to 14°C and the
7

precipitation
southern

amounts to 300 mm/year, whereas the central and

parts

of the Gulf show mean winter temperatures of

about 21°C or more and
Winds

are very weak,

Emery (1956) calculated

precipitation of less than 100 mm/year.

either northerly or frequently variable .
52.1%

muddy, 39.7% sandy, 5.5% mud

sand and 2.7% rock-coral-gravel for the sea bottom of the Gulf
and shallow parts of the Gulf of Oman.
1.4

Fish

Popul a tion in the Ara bian Gulf.

There are well over 300 species of fish representing more
than one hundred

families, but the majority of them are demersal

in habitat ( Simmonds

and Lambreuf 1981).

very wide temperature and

There is evidence of

salinity tolerance limits among

fishes

But the prevailing conditions appear to exert greater

in the Gulf.

stress on the pelagic species than on the demersal species since
the

variations

III

temperature and salinity are greater near the

surface than near the bottom.
seasonal variations
of demersals.
like

fishes

III

This contributes to more marked

the distribution of pelagics than in the case

The large pelagics observed are mainly tunas, tuna

and

king

mackerels,

all of which are capable of

migration and hence have the possibility of moving out
environment

when

the

conditions

become

of the

unfavourable in the

Gulf as in the summer months.
The predominent speCIes on the Arabian side of the Gulf
are Lethrinidae,
speCIes

on

Leiognathidae

the

Lutjanidae and Serranidae, whereas the common
Iranian

side and close to Shatt AI Arab are

and Ariidae.

This kind of distribution could be

related to the characteristics of the bottom conditions.

Species

like Mugilid ae and clupeidae such as Hi/sa sp. occur close to
8

Shatt AI Arab and
the

near the Iraq to Iran border, probably due to

estuarine conditions existing there.

species such as Pomacanthidae are
grassy

observed in large stretches of

bottom prevailing close to Saudi Arabia (Simm onds and
1 98 1 ).

Lambreuf
1.5

Certain non-commercial

Fisherie s

Potenti a l

According
Development

which

the

estimated

of which about
are

produced

results

of

the

fishery

survey

and

potential

yield from the demersal

the Arabian Gulf area is about 300,000 tons/year of all

speCIes in
speCIes,

the

Project of the UNDP / FAO conducted in 1 979 ,

that

revealed

to

of the Ara bian Gulf.

commercially

1 80,000 tons would consist of species
valuable.

However,

the

process of

by surveys requires knowledge of the life histories of the

vanous species and in particular the average life-span and average
age at which individuals attain sexual maturity and infonnation of
this kind is scarce for the fish stocks in the Gulf and to obtain it
reqUIres prolonged

and detailed Scientific studies.

The estimate of

potential yield could be regarded as the best estimate available
upon which to base future policy and broad development plans.
The

theoretical

available

for

surplus
exploitation

of commercially valuable demersal fish
III

1 20,000 tons of which only
Oman.

the

Gulf

appears

to be around

1 3, 500 tons belong to the Gulf of

The available surplus of all species survey

estimate is

much higher and appears to be over 230,000 tons/year.
Seasonal variability

in catches of the pelagic species

waters indicates that the fish

III

UAE

stocks are migratory and also pass

through the waters of Oman, Iran and possibly other countries in
the region.

During the acoustic surveys of FAO ( 1 979), majority
9

of the sardine
meters.

schools were observed in waters shallower than 40

Sardine school sizes determind from sampling catches

ranged from 0 .5 to 1 0 tons with an average size of 2 .5 tons.
per FAO report ( 1 979),

AB

the landings of small pelagics from UAE

waters was 250 tons per year and stocks of large pelagics were
concentrated on the eastern part of
and

December.

White

and

the Gulf between September

Barawani

( 1 97 1 ) reported many

schools of tuna m the south eastern part of the
September

between

and

December

1 970

Arabian Gulf

with lesser numbers

between April and June.
According to UNDPIFAO surveys (FI: DP / 7 1 / 2 7 8 / 1 1 )
estimates of abundance of small pelagic species have been made
based on reconnaissance using
integrator and sonar,

the

a scientific echosounder with echo

species and sizes of the detected targets

and density of schools being varified by fishing.

The potential

yield of small pelagics is estimated as 400,000 tons/year of which
this total, about 1 1 0,000 tons

about 60% would be sardines, of
would

the

m

be

southeastern Gulf and
pelagics
speCIes

Gult:

northwestern

250,000

m

tons

in the Gulf of Oman.

1 5,000 tons

the

Large

found in the Gulf include same commercially valuable
the

m

regIOn

such

the

as

king

mackarel

( Spanish

mackarel) and other species which are highly valued elsewhere,
including

tunas

especially

m

and

Their

sharks.

occurence

IS

seasonal,

Therefore, accurate estimates of

the mner Gulf.

abandance and potential yield are different.
surveys indicated a catch estimate of 20,000
pelagics.

•

10

•

UNDPIFAO project
tons/year for large

1.6

Fishe ries

Poten tial

of UAE .

The Unite d Arab Emirates is a coast al country situated
on
the south ern side of the Arabi an
margin al

,

sea separa ted from the Indian Ocean by the narrow strait

of Hormu z.
west

Gulf which is almost enclos ed

The UAE is endowed with extensive coastli nes on its

and east and also with very product ive territori al waters.

The west coast which faces the Arabian Gulf has a length of about
6 5 0 Km whereas the length of the east coast on the Gulf of Oman
side is about 70 Km .
According
Ministry

of

to

the

hydrographic surveys conducted by the

Agriculture

and

Fisheries

temperature ranges from 20 °C to
ppt, dissolved oxygen
the

surface

biomass

layers

showed

of

UAE,

the

water

34°C, salinity 3 6 . 8 ppt to 43

4 . 3 ppm to 6 ppm over an annual cycle at

m

an

coastal waters of UAE.

The plankton

mean of over 200mg/m 3 for the

annual

Arabian Gul f as the observations

by (Alkole and Solovier 1 978).

The sediments of UAE shelf area consist of mainly of muddy sand
with

shell

Sea was the most important source of

fragments.

wealth for the people living
the development of oil
pearl fi shing and

the coastal region of UAE before

m

Maritime

industry.

trade, boat building,

fisheries were the means of livelihood

of the

natives in the past.
The
continues

fishing
to

be

industry
the

most

m

UAE is mainly artisanal.

important

protein-rich

available for the people all round the year.
development

of

oil

industries,

Fish

diet freshly

Although with the

the national economy has been

boosted and diversified, effects are being made to strengthen the
national fishery services through the well planned programs of the
11

UAE gove rnme nt in the fi sheri es secto r.
are

The natio nal fishe rmen

given incen tives by way of provi ding subsi dized boats and

engIne s

to

Increa se

from 64,000 metric tons in 1 994 was observed in the fish

promo te

the fishing industry in the countr y.

landing in the UAE.
from

1 ,065

fi shermen

in

The numbe r of fishing boats also increased

1 976 to 4,303

engaged

An

In

fi shing

in

1 994,

while the number of

increase d from 4,000 to

1 4, 1 43

d uring the same period.
Traditional
waters
order

except
to

and

modem

fishing

gears are used In UAE

trawlers. Trawl fi shing is prohibited In UAE in

protect the ecological environment.

Also large mesh

cotton nets ( mesh size l . 5 inch or over) have been used instead of
previous nylon nets since
manne resources.

Gill

1 987 as

a step towards sustaining the

nets, beach seine and fish traps (gargoor)

are main fishing gears employed in the UAE.
as set net and dri fting

Fishing gears such

nets are also in u se according to the sea

conditions.
1.7

Biology of

Rabbitfish

(Siganus canaliculatusl

1 . 7. 1 Introduction

Siganids

are

widely distributed in the Indo-Pacific regIon

and are primarily herbivores In nature.
diets readily.

They appear to be tolerant of changes in salinity

and temperature conditions.
pond
1 962).

soil,

They can tum to other

provided

They can also tolerate any type of
IS present (Ablan and Rosario

vegetatio n

About thirty siganid species are found and many of them

are of econom ic importa nce .

Some siganid species school

able to tolerate crowde d conditi ons.
12

are

The maricu lture potenti al of

siganid s

was

realized

( 1 962 ) .

Rosario

In

and recomm ended earlier by Ablan and
the

United

Arab

Emirates

aquaculture of Rabbitfi sh Siganus canaliculatus
initiated

ill

1 984 on an experiment al basis .

(UAE), the

( Figure . 2) was

The Marine Resources

Research Centre ( M RRC) has succeeded to culture

this species

spawning technique.

by induced
1.7.2 Siganid

fisheries

In general the siganid fi sheries are small in most places but
important and

well established .

It depends on the seasonal nature

of the catch and relative difficulty of catching large size fish on
commercial scale due to their habitats and behavior.
Arab

In the United

Emirates the siganids are mainly caught using fish traps

(gargoor) and there is a steady demand for this species all through
the year.

In 1 995 the siganid landing constituted only about 0 . 5%

of the total landing.
modification in
fish and

the

Over the years there has not been much
UAE.

The demand in the market is for fresh

hence small scale fishing is favoured to keep the balance

between supply and demand .

Furthermore , the present

gear

1S

suitable to preserve a more sustainable ecological environmen t in
the tenitorial waters of UAE.
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Figure 2

Photographic picture of Rabbitfish (Siganus canaliculatus)
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1 . 7.3 H a bitat

Siganids usually occur in large scales on and
grass areas or reef flats.

around sea

They are also found i n mangrove regions

The tolerance of this species to a wide range of water

or lagoons.

temperature and salinity gives a very wide

distribution in many

In an experimental study, it was found that S.

parts of the world.

canaliculatus could be acclimated successfully to
medium.

However,

concentration
1 . 7 . 4 Food

some

mortality

occured

1 4 ppt salinity
when

oxygen

below 2 ppm ( Lavina and Aleala 1 97 3 ) .
h a bits

Quite a number of studies have been made on the food
habits of rabbitfish ( Suyehiro
Drew

1 942; Hiatt and

1 97 1 ; Tsuda and Bryan

herbivores

with

Rabbitfish

thick walled

and

(Suyehi ro

are primarily

mouth; numerous small conical teeth in

Pharyngeal teeth are well

each jaw.

walled

small

1 97 3 ) .

Strasburg 1 960;

developed . Stomach rather

intestine broad, extremely long, coiled and thick
1 942;

Hiatt

and

Strasburg

1 960; Tominaga

1 969).

Al larvae stage, the fish are mostly plankton feeders.

analysis

of

showed

ben ethic algae including genera Padina,

the stomach content of the adult female siganidae

cladophoropsis,

Gelidium, Hypnae, Dictyoto, Sphacelaria, Ectocarpus
Siganus

canaliculatus

small hooks

were

with

baited with fish scrap ( Helfman 1 968).

amphipods

algae.
and

animal matter i s

Ingested

copepods

animal

(Jones

foraminiferans ( Hiatt and Strasburg
larvae

and

silicoeous

and Jania.

frequently caught from docks with

stomach contents of siganids,
m ixed

An

spicules
15

has

contained

sponges (Drew

1 960),

( Lavina

sometimes found

material

1 96 8 ),

In studies of

1 97 1 ),

fi sh larvae, crustacean

and

Aleala

1 973 )

as

incidental

In captivity, Siganus canaliculatus has been

items.

shown to feed readily on all kinds of food offered .
inferred that siganids
may

So, it could be

are potentially omnivorous even though they

be primarily herbivorous in nature .

1.7.5 Growth

As

per

Resources

the

Research

canaliculatus)

body

culture

Centre

experiments

( M RRC),

10

weight

companson, the

the

In

1 26 . 5

growth of about

IS

Marine

(s.

rabbitfish

g

after

10

months period .

Hence,

As a

standard length of S. canaliculatus was 1 4 cm

S ingapore

1 97 3 ).

the

six months while the fork length was 1 9 . 8 cm

7 or 8 months in the Philippines ( Lavina
while

at

grew to size of 1 4 .4 cm fork length and body

weight of 4 0 . 2 g
and

pond

t h e rabbitfish (s.

10

and Strasburg 1 97 3 )

canaliculatus) showed a

1 20 g in about 9 to 1 1 months ( BenTuvia et al.
the growth rate observed in the UAE environment

very good and almost

at the same level or slightly more than

those reported in South east Asian waters.
1.7.6 Spa'\\'Iling season

and grounds

In the UAE, from March to

May it is observed to be the

mam spawmng season for S. canaliculatus.

However, there is no

direct evidence of a second spawning season

in this area, more

extensive studies are required to have an authentic conclusio n.
the UAE

,

In

no definite informa tion is availabl e about the spawnin g

area of the rabbitfish, the larvae survey conducted in the Umm AI
Qaiwain l agoon indicate abundance of siganus larvae
grass

areas of the

reported that S.

lagoon during April to June.

in the sea

It has been

canaliculatus lays eggs on the bottom in shallow
16

waters, especi all.,
reporte d

also

(Helfman

m and around

that fish

1 968; and

reported

corrals in the Philipp ines.

It is

spawn in the surf zone of outer reef
McVey

1 972). Wherea s S.

canaliculatus

to spawn near mangroves ( Drew 1 97 1 ).

1 . 7.7 Reproductio n

According

and

ea rly developmen t

to Manacop ( 1 93 7 ), Siganus canaliculatus may

not be dimorphic but d u ring the breeding season the sexes may be
distinguished

readil
following

and

separation

could

be

made.

The

guide lines would help to identify the breeding season .

i

The

ii

The abdominal

males are generally smaller than the females.
region of the females is more distinctly plump

and enlarged than that of the male on account of the ripening
level.
iii

The genital

aperture of the female is more enlarged than that

of the male for the free passage of the ripe eggs.
iv

When slight pressure is applied on the ventral reglOn, npe,
orange colored eggs come out from the female and while milt
from the male.

v

I n the water the female is less active than the male because of
the weight of the ripe eggs.

1 . 7.8

Reprodu ctive

In

cycle.

siganid s, the reprodu ctive cycle is

an annual one.

The

adult female s which norma lly appear after the spawn mg season
grow rapidly to adult female size by Decem ber.
to mature rapidl y attain ing

fuy

The gonad s begin

maturity by Febru ary

and the spawn ing follow s until May.
17

•

to March

Male appea rs to matur e

earlier than the female Under certain stressful conditions, where
gonads regression occurs in S. canaliculatus ( Lam 1 974 ).
1. 7.9 Spawning

ha bits

According
spawns

five

to

to

Mc Vey

seven

days

( 1 972),
after

Siganus

canaliculatus

the new moon during the

spawnmg season .

Females would n udge the abdomen of males to

encourage release

of milt and as soon as the males responded the

females

would

release their eggs.

depend on wave action for mixing
Artificial spawmng in captivity

Apparently, the fish would
the eggs and spenn together.

is also possible in the tank where

spawners are kept.
Fecundity.

1.7. 10

Siganus

Rabbitfish,
from 300,000

canaliculatus was reported to deposit

to 400,000 eggs at spawning ( Manacop 1 93 7 ).

An

estimation of the n umber of eggs in the ovary of S. canaliculatus
also

gave

similar

figures

( 300,000

to 5 00,000) by the same

worker.
1.7. 1 1

Eggs d evelopment.

In general,
colorless,
globules.
and

the

spherical,

npe

eggs of siganids are small, transparent,

demersal

and

adhesive

and

contain

Hatching time is variable, depending on temperature

location .

The

SlZe

of

eggs collected from the Marine

Resources Research Centre, Umm AI Qaiwain is about
0.7 1

oil

mm in

diameter with a mean diameter of 0 .63 mm.

normal conditions the eggs hatch out within 24 hours.

0 . 60 to
Under
Initially

the larvae depend on the yolk and when the yol k is fully absorbed
they turn to other m icro orgamsms like rotifer for food.
18

1 .8

M a rine

Oil

Pollution

1 . 8. 1 Oil spill in the Arabia n Gulf

It was estimated
were spilled i nto the
facilities.

that between 6 to 8 million barrels of oil
Gulf from sunken vessels and damaged oil

Moreover, atmospheric fallout from Kuwaiti damaged

wel l s gradually introduced a considerable additional quantity of
oil in

the form of small oil droplets and oily soot.

body

As the main

of the oil slick moved south along the Saudi Arabian coast,

winds repeatedly

drove it onto shore and then back into the sea,

leaving most of the northern
contaminated.
the

shore line of Saudi Arabia heavily

As the oil continued to move into the areas where

lagoons, salt marches and bays located in a large area of the

Gulf were affected (WCMU 1 99 1 ).
Carcinogenic
of

incomplete

polycyclic

combustion

aromatic
and

oil

hydrocarbons

(products

genesis)

suspected

toxicants to marine organisms ( Malins et
transported over
accumulate in

are

a1 . 1 984 ) and can be

Being hydrophobic, they tend to

long distances.

sediments and biota (Govers 1 990).

It is essential

to assess temporal influences on the accumulation of PAHs in
Accumulation and depression of PAHs in fish can be

fi sh .

influen ced

by

exposure,

lipid

exposur e

to
the

other

xenobio tics

metabo lism

of

hydroc arbons , the ability of

m

1 99 1 ),

and length of

includ ing

high

speCies, age and sex and

( Varanas i

petrole um

to

and

Stein

derived

1 99 1 ).
aromatic

an orgam sms to process PAHs may

be altered by the presen ce of polar
Stein

route

contents of tissues, environme ntal factors (e.g.

temperat ure); differenc es

salinity,

During

including

factors

vanous

compo nents ( Varan asi and

conce ntratio ns of produced PAH
19

metabolites ( Schmeltz et al .

1 97 8 ).

Furthermore, the pattern of

distribution of carcinogenic PAHs ( including
flesh )

could

be

potentially

affected

by

xenobiotics which i n or i nhabit xenobiotic

the levels in edible
exposure

to

other

metabolizing enzyme

systems or alter excretory pathways (Pritchard and Renfo 1 984).
Concen trations of l O PAHs were determi ned in the edible
parts

of

fish collected during April,

Mitchell ship

leg

Administra tion

the

Gulf.

iv of the National Oceanic and Atmosph eric

(NOAA).

Cruise collected

1 992 on by the Mount

Reverent

Mount

samples from locations along the western side of

Along

the

speCIes

examined, Gato (Epinephelus

aerolatus) showed the highest total in the
563 .6 Ilg/Kg
varied

in

Mitchell Scientific

(dry weight),

lO

P AHs summed,

while in other species total PAHs

the range 2 . 5 to 207 . 7

IlglKg (dry weight).

The

average concentration of total PAHs in the edible parts of fish
was

1 05 . 3

llg!Kg

llg!Kg

(dry

(dry weight), with

a range of 2 . 5 to 563 .6

In all samples, the highest average

weight).

individual PAHs concentrations were for
weight),

and

anthracene

(68.2

concentrations were detected in

pyrene 7 9 . 3 Ilg/Kg (dry

IlglKg)

where

as

lowest

Sha'am ( Acanthopagrus latus).

Pyrene and phenanthrene occurred most frequently ( 7 5 % of the
They were fol lowed by naphalene in 70%

fish).

of the fish (Al

Yakoob et al. 1 993).
In

additio�

bile samples were collected from more than

1 00 fish of several

fish species by

NOAA Reverent Mount
evidence
liquid

Mitchell in the Arabian Gulf to look for

of petroleum contamination.
chromatographic

the Scientists on board the

( HPLC)
20

Rapid high performance
screemng

methods

were

developed

to

measure

aromatic compounds resulting from the

combustion of petroleum

where hundreds of oil well were set on

fi re and

aromatic compounds may

waters

of

the

Gulf

spectrophotometric
bile

com posites

(Al-Yakoob

analysis
showed

compound s metabol ites

have been deposited into the

10

of

et

Sheiry

elevated

(Lethrinus

metabolic

that

dibenzothistophenols )

high

(e.g.,
of

aromati c

Sheiry to petroleum

was provided by GCIM S analysis of

showed

products

of

several samples ( Krahn et ai . 1 992 ).

related aromatic compounds
bile

Mass

kallopteros)

concent ration

Concentration of the exposure of the

hydrolyzed

aI., 1 993 ).

proportions

alkylated

degradation

to

of

certain

phenanthrolsand
resistant

aromatic

compounds ( Atlas et aI . 1 98 1 ; and Boehm et al . 1 98 1 ).
There

was a clear trend for increasing tar poll ution along a

gradient from the Southern border with

This finding correlates with recent report of increased

Hormuz.
oil

spill s in

Kureishy

Yeman to the Strait of

the vicinity of Horm uz (Oostdam 1 980; Gupta and

1 98 1 ) and

is consistent with the complaint that tankers

begin discharging ballast waters well down the Oman coast so
that the ships are nearly empty upon entering the Gulf.
1 .8.2 Oil

spills in UAE:

sources

Some

are

environmen t

of

petroleum

platforms,

oil

oil

pollution

10

refineries,

industries, boat traffic and accidental oil spills.

the

manne

petrochemic al
The biological

impact of increased amount of petroleum products in the marine
ecosyste m

IS

however

question s still remain

insufficie ntly

to be answere d.

21

examined

and

important

More than half of all oil

transported

m the world passes throug h the narrow Strait of

Hormu z on the north coast of Oman.
showed that approximately
surface slicks in
in

number and

Strait ( Oostdam
heavy

Estima tes made in 1 978

m 3 of oil were contain ed in

1 60,000

the Gulf and its approach es, with clear increase
percentage of positive slick sightings near the
1 980 ).

Local population s have

tar loads on Oman beaches.

complaine d of

This may result from tankers

discharging oily ballast water on inword-bound voyages to the
Gulf

( Gupta

and

Kureishy,

1 98 1 ).

facilities in the Gulf and lack
international
Oman has
fishing
1. 9

deballasting

Insufficient deballasting

of enforcement of national and

restrictions

exaggerates

problem.

perceived this oil pollution as a threat to its extensive

industry.

Fate of oil spill

1 .9. 1 Fra ctions

of Crude Oil

Crude oil has the following mam
2)

the

Resins and 3 ) Oils.

fractions 1 ) Asphaltene

Crude oil and refined petroleum products

are mixture of hydrocarbons and other
differing physical and chemical properties

compounds with widely
which determine their

behavior and fate when spilled, as well as their impact on marine
life and biological resources .
Crude oils are also classified into four small
usable categorie s,

such as:

a) light volatile

heavy oils c) heavy oils and
manne

environ ment

will

not

oils b) moderate to

d ) residual oils.
general ly

Oil entering the

remain

catego ry throug h the duratio n of an inciden t.
state, e . g . by evapor ation or weathe ring, a light
22

number of

m

the same

In changi ng its
crude oil will

loose its most

volatile components and may also form a mousse.

These changes will bring it into heavy oils.
1 . 9.2 Prope rties of Crude Oil

In considering
frequently

made

the fate of spilled oil at sea., a distinction is

between

disappear rapidly

non-persistent

oils,

which

tend

to

from the sea surface, and persistent oils, which

in contrast, dissipate more slowly and usually require a clean-up
response.

Non-persistent

kerosene
residual

and

diesel,

oils

whereas

i nclude

most

crude

gasoline,
oils

naphtha.,

and

refined

oils have varying degrees of persistence depending on

their physical properties and the size of the spill.

The main

physical properties which affect the behavior of an oil spill at sea
are specific gravity, distillation
point.

The

pure water.

characteristics, viscosity and pour

specific gravity of an oil is its density in relation to
Most oils are lighter than water and have a specific

gravity below one
1. 10

Factors

a ffecting

spill e d oil

'Vea thering Processes

1. 10. 1

The

physical

and

undergoes are sometimes

chemical

changes

which

spilled

collectively known as weathering.

oil
One

year after the Gulf war spill, a layer of oil saturated sand of 1 5 to
20 cm

thick buried under relatively clean sand in the beach face

area ( H ayes
1. 10.2

et al . 1 99 3 ) .

Spreading

Spreadin g

IS

one of the most

the stage of a spill.

significan t processes during

The main driving force behind the initial

spreadi ng of the oil is its weight.

High viscosi ty oils spread only
•

23
•

slowly and those spilled at temperatures below their pour point
hardly spread .
and

form

After a

narrow

few hours the slick begins to break up

bands " Windrows " parallel to the wind

direction .
Evapora tion

1. 10.3

The rate and extent of evaporatio n
volatility of the oil .
boiling

Oil that have

IS

greater

determine d by the
proportion of low

point components should have greater evaporation rate.

Rough seas,

high wind speeds and high temperatures will further

increase the rate of evaporation.

Spills of refined products, such

as kerosene and gasoline, may evaporate completely out of its
components within a few

hours and l ight crudes can lose up to

40% d uring

In contrast, heavy crudes and fuel oil

undergo
1. 10.4

the first day.

little, if any evaporation.
Dispersion

Waves and turbulence at the sea surface act on the slick to
produce oil droplets.

Physically, the small droplets

suspension while the larger ones
rate of natural dispersion

IS

remain in

n se back to the surface.

The

largely dependent upon the nature of

the oil and the sea state.
1.10.5

Emulsification

One of the major processes which lead to the persistence
of crude oil on the surface of the
water-in-oil

emulsion .

sea is the formation of the

Oil may tend to absorb water to form

water-in-oil emulsion which increase the
a factor of three and four.

volume of pollutant by

This is the

main reason for the

persistance of light and medium crude oils on the sea surface.
24

In

moderate

to

rough

sea

conditions

emulsion, and the stability
concentration
1. 10.6

rapidly

form

of this emulsion is dependent on the

of asphaltenes.

rate and extent to which an oil dissolves, depends

its

composition,

extent of spreading, water temperature,

turbulence and degree of dispersion.
crude oil

are

components
and

oils

Dissoluti on

The
u pon

most

The heavy components of

virtually insoluble in the sea water, whereas lighter

particularly aromatic hydrocarbons such as benzene

toluene, are slightly soluble.

1. 1 0 . 7

Oxid a tion

Hydrocarbon

molecules

react

with

oxygen

and

either

break down into soluble products or combine to form persistent
Many

tars.
sunlight.

of

these

oxidation

reactions

are promoted by

However, they occur throughout the life time of a slick,

the effect on the

overall dissipation is minor in relation to other

weathering processes under

strong sunlight.

It was reported that

thin films break down at the rates of no more than O . l % per day.
1. 10.8

Sediment a tion

Some heavy residual oils

have specific gravity greater than

one, thus will sink in fresh or brackish water.
brought about by adhesion of particles
matter to the oil.

particulate
( about

gravity near one.

matter

1 .025 ).

of sediments or organic

Some heavy crudes such as those produced in

Venezuela, as well as heavy fuel
have specific

Sinking is usually

oils and water-in-oil emulsion

Therefore, they require very little

to exceed the specific gravity of sea water

Temperature can also
25

be expected to affect the

behav ior
range,

of neutrality buoyant oil .

Over a

1 0°C temperature

the density of sea water will only chang e by 0.25% ,

wherea s the density

of oil change s by 0 . 5 % .

Conse quently , oil

which barely floats during the day may

therefore submerge as
.
.
the temperature falls at night due to its
relative Increase In
density but may resurface l ater in warmer water.
1 . 10. 9

Biodegra d a tion

Sea water contains a range of marine bacteria, moulds and yeasts
which can utilize oil as a source of carbon and energy. The main factors
affecting the rate of biodegradation are temperature and the availability
of oxygen and nutrients, such as nitrogen and phosphorus. Because the
micro-organisms live in sea water, biodegradation can only take place at
an oil/water interface.
detecting Oil Poll u tion in marine fish

1. 1 1

Methods o f

1. 11.1

Embryologica l

development

a nd ha tching rate in ma rine

fish.

Embryological
orgamsms
pollution

were

development

u sed

as

a

and

biological

In marine environment.

incidence of mortality,
hatchability were

bad quality

evident.

hatching
monitor

rate

of manne

to

detect the

In the polluted environment,
of embryos and hindrances of

Embryos In natural environment can be

exposed to pollutants in two additional ways : via the yolk which
is

synthesized during oogenesis by exposed females and during

the brief
the

period between shedding of the gametes and elevation of

chorion.

e laborate of all

Formation

of

a competent oocyte is the most

cellular processes, and oocyte quality can have an

influence that e}..1:e nds well beyond
26

embryo stages affecting larval

and even adult female performance and survival (Newth and Balls
1 97 9 ) .

Early life hi story stages of fish are known to be more

vulnerable to environmental pollution than
j uveniles ( Sprague

either adult females or

1 97 1 ; Waldichuk 1 974 ).

During oil spill, several contegency arrangements are made
to limit environmental damages

by the spilled oil .

An dispersant

prevents the formation of an oil and water emulsion, removes the
fire hazard
and
of

of an oil spill, inhibits the contamination of shorelines,

facilitates
the oil.

the

evaporation biodegradation and solubilization

Chemical dispersion

process of oil dispersion

serves to accelarete the natural

in a form that is safer ecologically than

naturally formed tarballs and mousse. However,
pointed

out

manne

community

that the oil

that

this

treatment might present hazards to the

within the water column.

He hypothesized

and dispersant mi>...1:ure may be more toxic than the

naturally dispersed
force more

Trundell ( 1 978),

oil

alone and that the chemical dispersion may

oil into the water at a faster rate than would naturally

occur.
Studies

on

algae,

clams,

oysters,

and

fish larvae have

shown that suspensions of oil and dispersant are more toxic than
oil

1 96 5 ;

alone (Hidu

Wilson

1 970).

In

Ixtoc crude oil is

Kuhnhold 1 970;

addition,

Trasy et al. 1 969; and

Slade ( 1 9 82 ),

less toxic to L. xanthurns

dispersed chemically by corexit

9527.

showed that untreatd
eggs than crude oil

The concentration used in

these studies was equavelant to 0 . 5 U.S. gaVacre . .
The
development
the

increased
has

chromosomes

sensitivity

of

fish

eggs

during

early

been correlated with the high susceptibility of
during

the

early
27

stages

of all divission to

ex.'terna l

poll utant s.

abnormalitie s
About

Oil and dispe rsant s have been show n to cause

chrom osome

III

divisio n

(Anderson et al .

1 977).

20% of the cod eggs and 46% of the pollack eggs exposed

to the

oil release d from the Agro Merch ant.

Disper sants such as;

teepol and Conco- K which are commo nly used to clean up the
environm ent d u ring
to

Barbus fingerling s than the crude oil itself (Akinton wa and

Ebere
oil

oil spillage were found to be much more toxic

1 990).

The result also showed that a combinat ion of crude

and dispersant are much more toxic than either compound

alone.
Crude oil and dispersant inhibited hatching of the clarias
eggs and

are toxic to larvae at the stage before the completion of

yolk absorption (Akintonwa and Ebere
importants

of

a

safe

environment,

it

1 990).
is

Considering the

necessary

that the

application of any chemicals in the aquatic environment should
take

into consideration the safety of the plants and animals.

Fish

eggs, larvae and adult females are suitable organisms for marine
pollution

studies.

The only important disadvantage of this type of

tests is the relatively short spawmng

season of the test speCles,

restricting toxicity testing to 2 or 3 months per year.
fertilized embryos were generally more sessitive
than embryos at later developmental stages.
however,

were

Petersen et al.

also
1 984 ).

very

sensitive

However,

Newly

to hydrocarbons

Hatched fish larvae,

to the toxicity test ( Falk

short term exposure

( 1 to 2

days) of sea urchin eggs to sea water extracts of oil did affect
their

further

Petersen et al.
heads,

development to platuei after 7 to 9 days (Falk
1 982).

Lonning ( 1 9 7 7 ), found poorly differetiated

bent axes, reduced pigmentation,
28

and protruding lenses in

flat fish (P. platessa) embryos exposed to suspensions of

cod and

Ekofisk oil and

oil extracts, these anomalies were produced when

the embryos were treated for as little as 1 to 2 hr d u ring cleavage
stages.
The life cycle toxicity test
toxicologists
"Safe"

to

be

the

IS

considered by most aquatic

ultimate test in establishing long-term

environmental concentrations of toxic chemicals for both

vertebrate

and

invertebrate

aquatic

populations .

This aquatic

vertebrate life cycle

toxicity stu dies with fish was performed with

the fathead minnow

Pimephales promelas. This was followed by

studies with the bluegill,
brook

trout,

1 974 ),

and

Lepomis macrochirus ( Eaton 1 970), the

Salve linus fontinalis
the

Sheepheased

(McKim and Benout

m mnow,

1 97 1 �

Cyprinodon variegatus

(Hansen et al . 1 97 7 ).
Several investigators proposed that chronic toxicity to fish
might

be

predicted

by

stages.

In

developmental

use

of

shorter

tests

with

early

studies with selected toxicants, these

early stages were shown to be among the most sensitive in the life
cycle ( Pickering
1 . 1 1 .2

and Gast 1 972a; Pickering and Tatcher, 1 972b).

Histopa thological

Method

This is another biomonitor method of detecting oil pollution
m

which may

give

reveal specific changes, increase the sensitivity, and

insight in the mechanism of action of toxic chemicals (Wester

1 988).

This

histopathological

technique

IS

widely

used

to

investigate

the

effects of pollutants in the tissue and cells of

animal after

being exposed for long term or short

contaminats.

This

technique

�an

term to the

be achieved by conducting a
•

29
•

compa rative
tissue

study

between

and

non-exposed

anima l

by having section s stained with differen t stains such as

hematoxylin

and eosin,

Schiff etc. (Wester
studies in
the

exposed

which

M asson ' s

1 98 8 ) .

several

and trichrom , and Periodic acid

Within the frame work o f toxicity

fresh water organism s

were exposed to

p-isomer of hexachloro hexane ( P -HCH).

examination

Histopathological

for young Poedlia reticulata (guppy) revealed an

Increase In hepatocellul ar basophilia caused by hypertrophy of the
rough

endoplasmic reticulum.
Histopathology may glve

of

toxic

chemicals.

Wester

insight in the mechanism of action
and

Canton

histopathologic effect in the small
(guppy)

after

(TGBTO),

a

exposure

fish species Poecilia reticulata

biocide

conta minant

of

bis(Tri-n-butyltin )

the

aquatic

oxide

en"ironment.
atrophy,

thymus

indicated,

examination

Histopathological
increase in

to

( 1 9 8 5 ), studied the

granulocytes, accumulation of glycogen and fat in the

liver, and changes in

cornea, retina and ski n .

Also, they found

after toxicity testing studies on the same fish and Oryzias latipes
with

(medaka)
compound
organs

m

granuloma s
orbit.

induced

mercury

included

In

chloride

histopatholog ical

gupples

changes
the

That the

water.
on

occurrence

various target
of

multiple

in various tissues, in particular the integumen t and

These were

internal tissue,
1 . 1 1 .3

methyl

and

Biochemical

accompan ied by hyperplas ia of monocyto poitic
hepatocel lular activation .
method

Bioche mical change s can be used to assess toxic materia l
exposu re .

Expos ure

to

hydroc arbons ,

30

change

the

metabo lic

enzym es and their pathw ays rna
III

brain

and

extensivel y

plasma

to

pesticid es.

assess

occur.

choline sterase
exposu re

For examp le, reduct ion

activity

in

have

been

used

wildlife to organo phosph ate

Other biochem ical endpoin ts are increasin gly receiving

attention

for their ability to indicate exposure to environm ental

pollutants .

The indication of detoxifica tion enzymes can be used

to assess

exposure to many organic contaminant s.

measurements

are

available

including

function

oxidizes,

cytoch rome

oxidizes,

NADPH

cytochrome

cytochromatic

induction

P450,
c

Many endpoint
of

ATPase,

reduce

the mixed
monoamme

activities

and

other

enzyme activities .

Adduct formation between xenobiotics and DNA, RNA and
protein,

com monly

investigated

associated

changes
particularly

the

with

DNA

and

animals,

III

mutations
RNA

and

adducts.

markers may include measurement of bile
Chlorinated

Biphenyles,

and glutathione
1 . 1 1 .3. 1

The

Among

glycogen

and

are

biochemical

carcmogenesls,

Other

biochemical

metabolites for PAHs,

sulfuraryl

concentrations;

peroxides activity.

cytochrome P450

the biomarkers best described are monooxygenases

m the cytochrome P45 0 system and especially the IA subfamily in
which P4 50 IAI is the single known member in fish.
induced by
biomarker

PAHs, which are present in crude oils.

P450 IAI is
P4 501AI as a

for exposure of fish to marine hydrocarbon pollution

has received a considerable attention ( Payne et al. 1 987; Goksoyr
and F orlin, 1 992).
of P450 IAI in

Beyer and Goksoyr ( 1 99 3 ) found that the level
fish

from the coastal area of Kuwait to Qatar is

associated with proximity to the source of the oil spill in Kuwait
31

after the 1 99 1 Gulf war.
in

The coastal area from Kuwait to Abu Ali

Saudi Arabia was most affected by the

hepatic P45 0 IAI levels in

fish from

1 99 1 oil spill .

The

this area was found to be

higher than in the reference areas fu rther south (coast of Qatar)
Cytoch rome
found

P450

predom inantly

compn ses
the

ill

l iver

foreign compoun ds (Lee and
ethoxyresorofin

marine

induction

ecosystems.
of

mixed

mIcroso me

(EROD)

biological effects constitutes a
in

families of enzyme s
for metabol izing

Dasmahapatra 1 993 ). The use of 7-

deethylase

-0-

several

parameter

to

monitor

new approch in assessing pollution

The utility of measuring hydrocarbon s

function

oxygenase

( MFO) enzymes as a

monitoring index has been widely demonstrated (Goksoyr et al.
1 986; Goksoyr

1 987; Stegman

and Klopper-Sams 1 987; Payne et

a1 . 1 988; Spies et al . 1 98 9 ) .
Induction
been

o f cytochrome P4 50 IA (P450 IA) in fish has

employed

as

a

biomarker

( Bioindicator)

in

variety

monitoring studies in the aquatic environment over the
years ( Goksoyr and Forlin
reports

1 992;

of

past 20

Stegeman et at. 1 992).

Earlier

showed that the P4 50 system is induced by petroleum
aryl hydrocarbon hydroxylase or 7-

hydrocarbons as measured by
ethoryresorufi n

( EROD)

deethylase

-0-

(Payne et al. 1 98 7 ) .

activities

ill

fish

liver

Fresh water sculpin were taken from various

locations in the Kendi River to determine their in vivo response to
exposure.

The specific activity of cytochrom e (P450 IAI) was

determined using florescenc e detection of the 7 -ethox),resorufi n
0-

deethyla se

to

determi ne

specific

(EROD)
the

activity

reaction .

potentia l

The purpose of this study was
cytochrom P4 50 IAI and GST

of

measurements

-

ill

32

the liver of feral sculpin for

enviro nment al

monito ring.

The EROD activity was not on the

distance from the river's mouth,
site did have the lowest
site closest to

although the fu rthest upstream

specific activity (0.73

to 0 .4 6 ) and the

the mouth had the highest specific activity ( 5 .28 to

2 . 74 ) .
Also

the

effects

on

the

heptatic cytochro me P4 50 IAI

In

adult

female rainbow trout that have

three

different

system were investigat ed
been

inj ected

fractions:
distilled

1.

p.

with

kerosene,
North

aromatic

containing

light gas oil or heavy gas oil, originated from

Sea

Crude

Oil

1 99 5 ).

Kerosene treatment

resulted in no effect on the P450 IAI system, light gas oil injection
caused a weak induction of EROD activities and

heavy gas oil

treatment resulted in a prominent induction of EROD activities as
well

as accumulation of CYPIAI-mRNA and P450 IAI levels .
Goksoyr e t al .

( 1 994 ), reported that j uvenile o f Atlantic cod

placed in net cages on the bottom at 20 to 30 meters depth at four
sites and exposed to

aromatic and chlorinated hydrocarbons, have

low survival rate ( 5 0 to 700/0 ) and observed significant difference
between
activities

sites

m

the

m

caged

between

correlations

compounds and EROD.
cod

with

7 -ethoxyresorufin-o-deethylase (EROD)

hepatic

They also observed significant

cod.

hydrocarbons

Polyaromatic

Finally, they concluded

a very fat l iver,

(PAHs)

that the Atlantic

is able to survIVe and accumulate

lipophilic organic conta m inants from the environme nt when caged
on top of sediment for a 4 weeks period.
The
hydroca rbons

potential
containe d

e ffects
m

organis ms have increas ed in

refined

of
and

recent years.
33

water-solu ble
crude

oil

aromatic
on aquatic

Thus, the incidence of

acciden tal oil
specially

spills from vessel s,

refinery

threate ning

and

petrochemical

manne life with

and estuarie s

d rilling opera tion, termin als and

and

Macleod

1 97 7 ).

Bailey 1 9 7 3 ;

known

Classically

been

the hydroc arbons poll ution of bays

Anderso n

et

Exposure of ecosystem s to oil
IS

have

(Baker and Cowell 1 97 1 ; Moulde r and Varley 1 97 1 ;

Brockse n

spills

effluents

to

at.

1 974 ; Clark and

hydrocarbons after major oil

cause a number of environmen tal effects.

these are monitored in either ecological or chemical

tenns.

Recently

elucidating

molecular

biomarkers

have

come

into use,

whether the exposed organisms are biochemically or

physiologically

affected by the oil compounds ( Stegeman et al.

1 992 ).
Advantages

1 . 1 1 .3.2

Measurements

of Biom a rker

of

biomarker

�1easurements

responses

to exposure offers

the potential of providing infonnation that can not be obtained
from

measurements

media

or

III

and

For

burdens.

capacity

and

and

biochemical

unequivocal
relating

especialy

III

eventua l

develop ment

induced responses within

have

that

The current understanding of the

molecular and cellular targets.

prevent

measurement of

to toxicants at level s that exceed nonnal detoxification

repaIr

molecular

example,

responses can provide evidence organisms have been

biomarker
exposed

body

of chemical concentrations in environmental

mechanisms

interpretation

of

of

toxic

action

biomarker

often

responses,

them to a specific consequ ence, such as
of

cancer,

34

increas ed

susceptability

to

disea se,

or decre ased reprod uction .

Biom arker

respo nses have a

number of advan tages even then in presen t state of develo pment .
1 . 1 1 .3.3

Short -Term

Predic tors

of

wng-T erm

Ecological

Effects

The ultimate goal of an environ mental
IS

monitori ng program

to prevent detorioration of the environm ent and

recovery of affected systems .
biochemica l
exposure,

level

while at long

change is
rapidly

respond

to documen t

Biomarke rs a t the molecular and

quickly

to

changes

in contamina nt

latent period may be required before any

apparent at a population level or community level.

responding

biochemical

level

markers

can

serve

The
as

valuable short-term indicators of the direction of change in the
toxic

exposure

example.

m

damage

have

a stream

improvement
discharging
responses

and

been

in

the

effects

at monitoring site.

decreasing

significantly

treatment

an

at

Information

stream .

to toxic exposure could aid

regarding the

For

the Oak Ridge area, levels of genotoxic

waste

m

into

potential

response

m

industrial
on

to

facility

the short-term

in management decisions

e ffectiveness of any remedial activities, and the rates

of recovery of affected sites.

1 . 1 1 .3.4

of

Appli ca tion

Environmental

Biomark er
valuabl e

respons es

com ponent

several obj ectives,

of

Bioma rker-Base d

l\ Ionitoring

of

Con tamin a tions.

of

environm ental

biomon itoring
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•

can be a

program s having any of

includin g th � followin g:

•

speCIes

1 . 1 1 .3 . 4. 1

Survill ance

For examp le,

for routin e monitoring of a range of sensitive

and important ecosyst em s.

They could

provide a quatita tive basis

for establis hing the current status and long term trends in the
levels of exposure or adverse effects in critical speCIes.
1 . 1 1 .3.4.2.

H az a rd

Biomarker

measureme nts

hazardous waste
data

needed

contaminants

assessment

at the sites.

levels

Complaince

regulations

of

demonstrating
used

help to provide

to assess the potential exposure and effects from

Environmental
criteria

orgamsms living on or near

sites or industrial facilities can

Regula tonr

1 . 1 1 .3.4.3

In

chemical

the

are

often

concentrations

observed

effects

In

based

on

meeting

in discharges or on
standardizing

bioassays

to test effluents being discharged .

1 . 1 1 .3.4.4

Remedia tion

Biomarkers

can

demonstrating

the

measurements

have

quality.

Extensive

be

sensitive

and

cost-effective measures
Biomarker

effecti\'eness of remedial actions.
demonstrated
of

studies
similar

a

clear

community
but

trend,

were

important

In

water

strcture and function
more

much

labour

demonstrated

a

intensive and

far more costly than the biomarker measurem ents.

1 . 1 1 .3.5

Appli c a tion

Popula tion

Fish

Assessm ent
contam inants

of Bioindica tors in Assessing the Health of

of

usually

the

Experie ncing Contamin ant S tress.

respons e

of

fish

measurements

involve s
36

populat ions

to

indicators

of

of

exposu re or effects,

but realy do biomon itoring studies incorporate

a mixture of endpoin ts that include both types of indicato rs.
integrated
selected

bioindicator
exposure

biological

and

organization

community

into

involves

effects

indicators

from

the

monitoring
at

a

several

biomolecular

site

of

levels

of

levels

to

the

level .

Measurements
early

approch

The

of these selected biological variables permits

detection of environmental problems and provides insights
casual

relationship

between contaminant exposure and the

effects that may be ultimately manifested at the population and
community levels.
that

inhabit

streams
PAHs,

including
metals

This approch
recelvmg

was applied to fish populations
chronic

Polychlorinated

and chlorine.

inputs

of contaminants

Biphenyles

( PCBs),

Indicators such as detoxification enzymes

and DNA damage have provided direct evidence
indicators

whereas

exposure,

histopathology,

and

heavy

related

to

of contaminant

lipid

metabolism,

general bioenergetic condition have reflected

effects at both

suborganism and organism level.

approch

effective technique to assess the integrated effect of

is an

contaminant

This bioindicator

stress on fish.

The concept of the bioindicators approch in biomonitoring
IS

that

contaminant

organization
changes

be

can

membrane,
for

(i.e.

or

e ffects occur at lower levels of biological

at the genetic,
detecte d

as

cell,

change s

genetic material ( DNA).

and tissue level.
m

These

enzym e levels, cell

Bioindicators measured

fish can be grouped into responses representative of direct

contaminant

exposure

and

those

exposure.
37

reflecting

the effects of this

1 . 1 1 .3.6

Indic a tors of expo sure to cont amin ants

Levels

of

detoxification

enzymes

and DNA integrity are

used to indicate the degree of exposure
though
direct

to contaminants.

Even

these two variables are used primarily as indicators of
contaminant

exposure,

effects

biochemical l evel are manifested

at

the

biomolecular

and

as damage to DNA and changes

in the level s of enzymes, respectively.
1 . 1 1 .3.6. 1

DNA

DNA

Integrity

damage

has

been

proposed

as a usual biological

parameter for assessing the genetoxic properties of environmental
pollutants.

Nonnal variations in environmental variables such as

temperature

and

food a\'ailablity do not significantly affect the

integrity of DNA, therefore, any DNA damage observed

in fish

assumed to be due to genetoxic stress.
1 . 1 1 .3.6.2

Detoxicifica tion

The activity or level s of liver detoxicification
used to indicate exposure to various
PCBs,

and

xenobiotics such as; PAHs,

Many of these compounds commonly

pesticides.

occur i n industrial and municipal effluents and
within

living

detoxicificati on

Adams

tissues.
enzymes

were

Creek ( EFPC) sites where
present.

They also

et

al .

elevated

are accumulated

( 1 990),
at

East

showed
Fork

that

Popular

organic compounds and metal Ions are

reported high levels of cytochrome P4S0, CBS,

and NAPH-re ductase and

low activities of EROD. The depressed

EROD activity for fish from site
damage

enzymes are

1

could be due

to hepatoxic

inhibiti ng the ability of the liver cells to produce this

enzyme.
38

Indica tors o f Effects.

1 . 1 1 .3 . 7

Effects of contaminat on fish
levels

of

biological

di sfunction,

structural

modifications,
1 . 1 1 .3 . 8

can be manifested at vanous

organization,

changes

and impairment

In

including

tissues and organs, behavior

of growth and reproduction .

Ca rbohvd r a te-prote in

Meta bolism

Adams et al . ( 1 990), showed that the
m

areas of high contamination of

lOn s .

In

such

areas,

the

protein

sites.

metabolism i s altered

organic compounds and metal

transaminase

oxyaloacetate transaminase ( SGOT),
than control

physiological

ranged

enzyme,

glutamate

from 5 to 70% lower

Serum protein is also u sed as an indicator of

metabolism .

contaminated stream

Lower

protein

values

fish

m

the

because of the nutritional stress.

Upid l\ 1eta bolism

1 . 1 1 . 3.9

Total

body triglycerides reflect the energy available to an

organism for mediating the effects of stress and for use in critical
physiological functions such as growth
Serum

cholestrol

metabolism
buffers

and gonadal de\ elopment.

IS an indicator of both n utrition and steroid

In fish.

In addition, these triglycerides act energy

d uring periods of food shortages (Adams et a1 .

1 990).

Sites

that are contaminated with organic compounds and metal

lOns

affect l ipid metabolism in fi sh .

found
all

Serum triglycerides were

m uch lower ( significantly lower at sites 1 to 3 ) in fish from

contaminated

stream sites than that of reference fish, indicating

altered or impaired lipid metabolism in

the former.

In addition,

these triglycerides act as energy buffers during periods
shortages (Adams et a1. 1 990).
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of food

1 . 1 1 .3. 1 0

H istopa tholagica l

Adams

et

histopathological
showed

a1 .

condition

( 1 990 ),

condition

10

reported
fi sh

that
from

the

indicators

contaminated

of
sites

distinct differences compared to fish from control sites.

The reduced volume of functional liver tissue in fish from the
upper sections of EFPC
of

liquefactive

was probably due to the combined effect

and coagulative necrosis along with presence of

abundant macrophages and
10

functional

damage

from

functioanal
have

parasites.

parenchyma

may

contaminant

In addition, some reduction

have

exposure .

been due to hepatotoxic
These

lower

l iver tissue imply that fish with this condition may

reduced

capacity

to ( 1 ) produce enzymes for detoxifying

contaminants,

(2)

reserves,

manufacture

(3)

development in

store

important

the female,

glycogen

and

lipid

has a key role in

energy

vitellogenin necessary for proper egg
and (4 ) convert

and process protein

and lipid compounds into pysiologically useful energy.

storage,

levels of

The l iver

xenobiotic metabolism and excretion. digestion,

and production of yolk protein.
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CHAPTER

2

MATERIALS AND METHODS
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MAT E R I A L S AND METH OD S
2. 1 Chemicals

Light crude oil was
Company, Sharjah

kindly supplied by Crescent Petroleum

UAE. The chemical and physical characteristics are

explained in (Appendix. 1 ).

The di spersant used was Nalfleet Oil Spill

Dispersant (Maxi-Clean 2 ), Nalco limited, Northwich, England.

This

dispersant was the same as that was u sed in the case of Fujairah oil spill,
1 994 .

The physical and chemical properties of this dispersant and other

available information are shown in (Appendix. 2 ) .
Paraffin

wax

and alcohol were obtained from BDH, England.

NADPH cytochromec, sodiumdithionite, benzo( a )pyrene,ethoxyresorufin, 7
-ethiocoumarin, p-naphthoflavone, Tris-sodium hydroxide, quinine sulfate,
sodium

carbonate,

potassium chloride,

formaldehyde, acetone and

glycerol were purchased from SIGMA St. Louis,USA.
chemical u sed for

Reagents, and

protein assay and Western immunoblotting were

obtained from Bio Rad, ( Richmond, USA). All other chemical used were
either reagent grade or of the highest purity available .
2.2

Prepa r a tion of crude oil

The soluble fractions of crude oil were prepared according to the
method of

Falk-Peterson and Lonning ( 1 9 84 ) . Briefly, 2 5 grams of the

crude oil and

500

m l of distilled water were added into 1 000 ml

separating funnel . The funnel was capped and shaken for 5 minutes, then
siphoned from below the mixtured solution to a reagent bottle and was
kept as a stock solution . This solution was prepared fresh every day. Two
•

•
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•

test sol utions were prepared by either pi petting 4 mllL or 6 mlJL of stock
solution in filtered fresh sea water.
2.3

Prepa r a tion of dispers ant

Neither toxicological nor ecological information were available for
this dispersant (Appendix.2 ).
used at a concentration

In the present study, the dispersant was

of O . 3 mlll sea water. While during Fuj airah oil

spill, the di spersant concentration ( 1 00 ml per liter) was 300 times higher
than that in the present study. It is worthnoting that these studies did not
stimulate oil spill conditions with respect to factors such as depth of water
column, surface agitation and solar radiation .
2.4

Juvenile ra bbitfish

Males and females rabbitfi sh were kept together in plastic tanks
for breeding purposes. Juvenile rabbitfish of the same age were collected
from the breeding tanks and were transferred to 30 liter transparent
plastic tanks.

The transparent plastic tanks were supplied with 20 liter

filtered fresh seawater. Water was pumped by fresh air at constant rate.
Automatic heaters were u sed
which

is

to maintain the temperature at 30±l oC,

similar to ambient condition of UAE during summer time

(Appendix. 3 ).

Juvenile rabbitfish were acclimatized in the aquaria for 5

days before treatments were imposed.
2.5

Trea tment of juvenile r a bbitfish

Three weeks old j uvenile rabbitfish were weighed (average l .0 g)
and randomly assigned to one of the tanks. Thirty l iter transparent tanks
were filled with fresh sea water which was changed daily, and continuous
aeration was maintained .

Temperature was maintained at 30± 1 °C using
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automatic heaters.
about

Tri plicate sets of transp arent tanks were used and

60 j uvenile rabbitfi sh were stocked in every tank to maintai n

loading densities of 3 gIL or lower (Appendix .4).
Juvenile rabbitfish were fed daily on crushed local formulated
pelleted fish food ( Protein 66%, Fat 6%), Ash 2 5% and moisture 9%).
The quantity of food supplied was eaten within 1 0 minutes. The j uvenile
rabbitfi sh were acclimatized for 5 days, then treated as follows :
1.

Control group ( Filtered fresh sea water)

2.

Soluble fractions o f crude oil ( 4 mllL).

3.

Soluble fractions of crude oil ( 6 m IlL ).

4.

A mixture of soluble fractions of crude oil (6mllL) plus dispersant
( 0 . 3 mIlL).

5.

Dispersant ( 0 . 3 m IlL) alone.
Water and test solutions were changed daily. Observations on

mortality and abnormal behavioral responses were made at 24 hours
intervals and all dead j uvenile

rabbitfi sh were removed after each

observation and survival rate at different intervals (3, 6, 9, 1 2 and 1 5
days) was recorded (Table. 1 ) .

At different intervals 3, 6, 9, 1 2 and 1 5

days of treatment, some j uvenile rabbitfish from each tank were weighed
and handled as follows: 1 ) One to three j uvenile rabbitfish were fixed in
neutral buffered fonnalin for histopath ological examinat ion and 2) Two to
six j uvenile rabbitfis h were fixed frozen and
determin ation cytochro me P4 50 and EROD.
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stored at -70°C for

Table . 1
Survival rate of j uvenile rabbitfish.
Duration

of treatment

I nitiaJ
number

of

stocking

4

m1f1

crude oil

@

1 80

6

m1f1

crude oil

@

1 80

@

1 80

@

1 80

0.3 mill only

4

mlll

oil

+

6

mlIl crude oil

+

crude

Dispersant

Dispersant

Control

rg;

..

2.6

6 days

9 days

99 90

80.00

33.00

28.50

96.20

40.50

30.80

60 . 00

30.00

15

days

fish

Type of treatment

Dispersant

3 days

0.3

0.3

1

I

@

I·

1 00 . 00
70.00
1 00 . 00

1 80

60

00.00

80.00

70.00

65.00

I

50.00

2 1 .50

7 l .00

I

7 l .00

7 l .00

1 1 00.00

i

Total i n itial stocki n g numb er of Juwnlle rabbltfl s h ra bb ltfl s h In 3 tanks

I

Total initial stocking n um ber of Juvenile rabbltftshrabbltflsh in one control ta nk

Adult fem a le rabbitfish

The breeding season of the rabbitfish, Siganus canaliculatus
starts March and lasts until June, (Al-Gais 1 993 ). Gravid females \\'ere
obtained during the breeding seasons from

the Marine Resources

Research Centre at Umm Al Qaiwain, United Arab Emirates. Fish were
kept in well aerated 500 liter plastic tanks and were fed with formulated
pelleted fish food ( Protein 66% , Fat 6%, Ash 25% and Moisture 9%).
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2.7

Tre a tment of adult female ra bbitfish

Gravid

females were kept for acclimatization

ill

SOO liter

transparent tanks fi lled with 400 liter filtered sea water. The tanks were
well aerated and the fish were supplied with fish food . Duplicate sets of
tanks were used and 6 fish were stocked in each tank to maintain loading
den sities of 4 . S gIL or lower (Appendix. S ).

After the acclimatization

period, fish were exposed to sol uble fractions of crude oil ( 4 mVL),
soluble fractions of crude oil ( 6 mVL), soluble fractions of crude oil (6
mVL ) and dispersant( 0 . 3 mVL ), and dispersant (0.3 mVL) alone for 1 8
days.
The control group was fi ltered fresh sea water. Soluble fractions of
crude oil, dispersant and fresh sea water were prepared and changed
daily.

At the end of exprimental period, fish were killed and skin, liver,

gil l s and ovaries were immediately removed and placed in neutral buffer
formalin for h istopathological examinations. Slides were prepared as
previously described in the j uvenile rabbitfish section.
2.8

H istology and histopa thology

Tissues from j uvenile rabbitfish ( skin, liver and gills) were fixed in
neutral buffered formalin for at least 24 hours (Drury and Willington
1 97 6 ) .

After washing overnight in running tap water, samples were

dehydrated

i n ascending grades of ethanol and cleaned in histoclear

(BDH).

The cleared samples were impregnated in three changes of

paraffin

wax at 60°C and then embedded.

Serial sections ( S -7 Il-m

thickness) were out and mounted on glass slides using egg albumen as an
adhesive substance.
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Alternati e slides were stained with one of the following stains
( Drury and Willington 1 97 6 ) : 1 ) Haematox.'Ylin and eosin stain to give a
general h i stological view of the organ studied, 2 ) Masson' s Trichrom stain
for collagen fibers,

3 ) Periodic acid Schiff ( PAS ) for mucoid and

carbohydrate detection, such as glycogen and m ucous secreting cells, and
4 ) Mallory triple for connective tissue and yolk granules.
Appropriate sections were selected and photographed on Kodak
colour films using Nikon

research

microscope.

Magnification of

photographs was detennined by photographing a grid slides at the same
magnifications of the sections.

This films were processed and printed

commercially.
2.9

Prepa ration of hepa tic microsomes:

Liver m icrosomal fraction was prepared as described by Van der
Oost et. al . ( 1 994 ). B riefly, fish were killed by serving their spinal cord .
Then l iver and muscle tissues were removed and weighed.
....

Muscle

specImens were stored at -70°C u ntil analysis. Livers were rinsed in ice
cold 1 00 m M .
Tribuffer

In

Tribuffer ( pH 7 .4 ) and homogenized in 5 volumes of
teflon-glass

homogenizer (Jenkons, England).

homogenate was centri fuged at 1 2000

x

g for 20 min. in a Beckman

Pellets were stored at -70°C until DNA i solation, while

centrifuge.

supernatants were centrifuged at 1 00,000
centrifuge.

The

x

g for 60 minutes in Beckman

The resulting supernatants (cytosol) were stored at -70 °C

until analysis.

M icrosomal pellets were resuspended in 0. 1 M Tris-HCI

buffer ( pH 7 .4 ) containing 25% glycerol and 1 . 1 5% Kcl . The microsomal
suspension (conta i ning the cytochrome P450 and other metabolizing
enzymes) were stored at

-70°C until analysis.

47

The preparation of

cytoc hrom e P4 50 was carrie d out at Facul ty of Medi cine
In UAE
University.
Determin a tion of total micro somal cytoch rome P450.

2. 1 0

Cytoch rome P4 50 determ ination was carried out at Veterin ary
Clinic i n the Departm ent

of Agricul ture, AI-Ain . Total microso mal

cytochro me P4 5 0 content was determin ed spectrop hotomet rically using
Backman -DU spectroph otometer according to the method of Omura and
sato ( 1 964 ).
7 .4 ),

M icrosomal fraction was dil uted in 0 . 1 M Tris buffer (pH

l ittle sodium

diothionite was added, and the sample was first

scanned at 400-500 nm/wavelengt h . After bubbling carbon monoxide gas
into mi�'tUre for 1 minute, the reduced dithionite-co-spectum was scanned
at 400-500 n m/wavelength. The cytochrome P4 50 content was measured
using extinction coefficient of 9 1 cm - 1 . mM - 1 ( Om ura and Sato, 1 964 ) .
2. 1 1

Dtermina tion of cytochrome P450

Cytochrome P4 50 was determined by the method of Omura and
Sato ( 1 964 ) from the d i fference spectra between oxidized and NADH
1
reduced m icro somes using extinction of 1 7 1 cm- 1 . nM- at 623-500 nm
Iwavelength .
2. 1 2

Determina tion

of NADPH-cytoch rome c (P450) reductase

Cytochrom e c

reductase was determined spectropho tometricall y

(RED).

by its ability to reduce cytochrom e c according to the method of Digman
and Strobel ( 1 97 7 ) using Backman DU spectroph otometer . The reaction
cuvette

contained

400-600 /l g

of microsom al protein 0 . 1 2 5/lmole
..

cytochrom e c and 3 .0 /lmole kC/l in 2 . 5 ml 50 nM phosph ate buffer (pH
•

•

7 .4 ).

NAD PH ( 1 .0 /l mole ) was added to start the reaction at 26°C
. An

extinction coeffic ient of 2 1 cm - l nM - I was used at 5 50 nM wave length
.
Deter mina tion o f 7 - ethox, resor ufin -

2. 1 3

0

- deethylase ( EROD)

acthity

EROD activity was measured by the spectro photom etric method
of

Van der Oost et a1. ( 1 99 1 ). A 1 00-200/l g of micro son aI protein were

added to l /lmole ethoxyres orufin in 2m} 1 00nM phosphate buffer (pH
7 .4 ), I nM NADPH, I nM MgCh, and I mg bovine scrum albumin. After
30 minutes of i ncubation at 2 6°C, the reactions were stopped by ice cold
acetone.

The quantity of resorufin, a specific product of EROD activity,

was determined.
EROD determination was carried out at UAE Faculty of Medicine
and Veterinary Clinic.

Flourometric

measurements were determined

according to the method of B ruke and Mayer ( 1 974 ). Excitation was
apparent at 544

n M and emission at 5 84 n M .

The kinetics were

determined by using the supernatant of the extract at a final concentration
of 1 %.

Resorufin was used to calibrate the apparatus to transform

fl uorescence units ( FU ) i nto molar quantities (Picomole). Specific activity
of the enzyme was expressed in terms of fluorescence produced by
metabolites, i .e . , fl uorescent unit ( FU ) per minute per mg of protein or in
picomole. m i n - I . m g of protein - I .
2. 1 4

Determi n a tion of total protein ratio in juvenile ra bbitfish
meat.

Total protein ratio

III

the meat of j uvenile rabbitfis h exposed to

differen t concent rations of soluble fraction s of crude oil in the presenc e or
absence of dispers ant was determ ined by applyin g Improv ed-Kjel dal
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Method for Nitrate-Free at Tokyo University of Fisheries, Tok. o
(Appendix. 6).
2. 1 5

Sta tistical analysis

Data were analyzed u smg Minitap program . Differences among
groups were analyzed using student' s t-test to detect differences among
two groups.

The criterion for significance was ( P<0.05 ) and values of (P

<0 . 0 5 ) was considered to be significantly different from control . The
results are persented as mean ± SEM of ten fishes, unless otherwise
stated .
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3

R E SU L T S

3. 1

Effects of tre a tments on Juvenile r abbitfIsh Skin

3. 1. 1 Structu re of normal juvenile r a bbiffish Skin

Examinat ion of transvers al section of Juvenile rabbitfish skin

,

showed that it consists of two distinct principal l ayers: an epidermis to
the outside and dermis to the inside.

The epidermis is built up of a

stratified epithelium cell s that are characterized by several multiple layers
or

strata, one above the other. Cells or basement membrane in the

interface between dermis and epidermis layers are shown to be cuboidaL
while cells on the top layer are sqamous. The keratinized layers are thin.

The shape of the constituent cell s of these layers is not uniform, for
the cell s of the basal layer are cuboidal. while those near the surface are
flattened and scale-like .
laver

The cells in between are polygonal . The basal

is called the stratum

germinative layer composed of rounded

cuboidal cell s . M ucou s secreting cells were found in the upper layer of
the epidermis.

Club cells are large, u sually round cells found in the

middle layer of the epidermis. The dermis consist of connective tissue
differentiated into two distinct layers, the outer layer consists of fibrous
connective tissue called the compact layer ( Stratum compactum ). The
layer below is called stratum spongiosu m. The spongy layer is rich in
blood capillarie s and nerve fi bers. Melanop hores contains cells which are
irregula r in shape, lie close to the epiderm is and appear full of black
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granules call ed melanophores, this gIve the fish its color characteristic
( Figure 3 ).

3. 1.2 E ffect of soluble fr actions of c rude oil on juvenile rabbitfish
skin.

Treatment of the Juvenile rabbitfish with soluble fractions of 6mlll
crude oil for 3 days did not cau se any change in skin structure ( Figure 4 ).
From the figure it is clear that the epidermis, dermis, and hypodermis
layers did not have any histopathological changes when compared with
control fish . However, treatment with soluble fractions of 6 mIll crude oil
for 1 5 days caused a decrease in the number of mucous epidermal cells
and club cell s . The Malpighian cells were also increased in number. The
dermis, shown that the thin layer of loose connective tissue "stratum
spongiosum" expanded longitudinally parallel to the epidermis, lost its
normal wavy shape compared \vith the control ( Figure 5 ).

3. 1 .3 E ffect of d ispe rsant on juvenile r a b bitfish Skin

Treatment of Juvenile rabbitfish with dispersant only for 3 days
showed dramatic decrease i n the number of epidermal mucous cells.
Shrinkage of epidermal l ayer led to fu sion of both epidermis and dermis
layers ( Figure 6 ) .
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Figure 3

Transverse section of normal Juvenile rabbitfish skin,
Siganus canaliculatus showing normal structure of the
epidermis. Mucous cells (arrow), club cells (arrow head) and
Malpighian cells ( open arrow ) are in derm i s ( 1 ). Spongy cells
(open circle) and melanophores cells ( arrow head ) in dermis
layer ( ope n circle). H &E, 200x

Figure 4

Transverse section of Juvenile rabbitfish skin, Siganus
canaliculatus exposed to soluble fractions of 6ml/l crude oil for
3 d ays showin g normal cells in epidermis and dermis layers.
H&E, 200x.
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Figure 5

Figure 6

Transverse section of Juvenile rabbitfish skin, Siganus
canaliculatus exposed to soluble fractions of 6mlll crude oil for
1 5 days showing decrease in the number of epidermal mucous
cells (arrow), and separation dermis tissue from the basement of
epidermis (arrow head). H&E, 200x.

Trans verse sectio n of Juven ile rabbit fish skin, Siganus
canaliculatus expo sed to dispersant for 3 days caused dramatic
,
decre ase in n umbe r of epidermal muco us cells (arrow). H&E
x200.
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3 . 1 . 4 E ffect of solub le fracti ons of c rude oil and oil dispe rsant on
juvenile rabbitfls h skin

Treatment of Juvenile rabbitfish with 6ml soluble fractions of
crude plus O . 3 mlll dispersant for 3 days showed that the basal stratum
germinative lost its cuboidal arrangement and there was a slight decrease
in the number of epidermal cells. The spongy layer did not loose its
normal structure and maintained its vascular network ( Figure 7 ).

When the same Juvenile rabbitfish was exposed to 6 days, the
nucleus of the epidermal cells were enlarged and the number of mucous
cells were decreased . Meanwhile, the dermal cells were shrinked in size
( Figure 8 ) .

3.2

Effect of trea tments o n juvenile rabbi tflsh gills

3.2. 1 S tructu re of normal juvenile rabbi tfish gills

The Juvenile rabbitfish gills are composed of two sets of four
holobranchs. Each holobranch con sist of two hemibranchs. From each
hemibranch e>..1end long thin filaments called the primary lamellae. On
both sides of the primary lamellae, the secondary lamellae extend as a
comb like proj ections ( Figures 9 and 1 0 ).

The secondary lamella is

ensheathed by a layer of simple squamous epithelium. Inside the
secondary lamellae, there is a rod of compact cells which represent the
pillar cells. Mucous and chloride cells are located toward the base of the
secondary lamellae. Each lamella has afferent and efferent blood vessels
which contain blood cells.
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Figure 7

Transverse section of Juvenile rabbitfish skin, Siganus
canaliculatus exposed to 6mlll of soluble fractions of crude oil
and d ispersant for 3 days showing a slight decrease in
epidermal cells (arrow) and dermal cells (arrow head). Mallory
triple, x200.

Figure 8

Transverse section of Juvenile rabbitfish skin, Siganus
canaliculatus exposed to soluble fractions of 6mlll crude oil
and dispersant for 6 days showing dramatic decrease in the
number of mucous cells in epidermis (open alTow) and
shrinkage of dermal cells (open circle). H&E, x200.

7

Figure 9

Transverse section of normal Juvenile rabbitfish gills,
S iganus canaliculatus showing normal primary lamella
(arrow), pillar cells
circle). H&E, x200.

Figure 10

( arrow head ) and chloride cells (open

Transverse section of normal Juvenile rabbitfish gill arches,
Siganus canaliculatus showing normal structure of gills. H&E,
x200 .

3 . 2 . 2 E ffect of solub le fra ction s of c rude oil on juvenile
ra bbitfish

�
Treatm ent of Juven ile rabbit fish with solubl e fractio ns of 4mlll
crude oil for 3 days did not alter the basic structure of the gills. However,
a slight increas e in the n umber of mucou s secretin g cells was observe d.
These

m ucous secretin g cells were associat ed with the lamellar

epithelium ( Figure 1 1 ).

Exposure of Juvenile rabbitfi sh to soluble fractions of crude oil at
a concentratio n

of 4 mlll

for 9 days caused lifting of the lamellar

epithelium of the secondary lamellae.

Also, the tips of the secondary

lamellae were slightly swollen (Figure 1 2 ). Periodic acid Schiff ( PAS)
staining indicates the increase of mucous secretion in the secondary
lamellae of these j uvenile rabbitfishs ( data are not shown)

3.2.3 Effect of d ispersant on juvenile rabbi tfish gills.

Most of the Juvenile rabbitfish exposed to dispersant only at a
concentration of

O . 3 m lll have died within 5 days of treatment. The

j uvenile rabbitfi shs left survival looked unhealthy. Treatment ofj uvenile
rabbitfishs with dispersant for 3 days caused fusion of the lamellar tips
( Figure 1 3 ) The figure also indicates that spots of inflammation in the
.

secondary lamellae. It appears that this inflammation starts at the tip of
secondary lamellae then proceeds towards the base of the lamella. The
lamellar epithelium was lifted from the rest of the lamella and in some
places the epithelium was compl�tel y lost exposing the inflammed spot

•
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•

to the exterior

In spots of heavy inflammation, fibrou s tissue was

deposited into the primary and secondary lamellae .

Slight i ncrease of m ucou s and chloride cells was observed (Figure
1 4 ). M ucou s cells were found within the lamellar epithelium, while
chloride cells were noticed at the base of the secondary lamellae.

3.2.4 Effect of soluble fra c tions of c rude oil and dispersant on
juvenile r a b bi tfish gills .

Juvenile rabbitfish were treated with a mixture of soluble fractions
of 6 mVl crude oil and dispersant. The effect of this treatment was not
consistent throughout the gill tissues.

Some areas were affected more

heavily than other areas. Six days after treatment, the most obvious
effects were fusion of secondary lamellae and increase of mucous and
chloride cell s ( Figure 1 5 ). The figure also shows fusion of the secondary
lamellae was observed in a large area of the gil l . In slightly affected areas,
the tips of the secondary lamellae were completely fused and the spaces
in between these lamellae were occluded with cells containing mucous
and chloride cells. In the more affected areas, secondary lamellae were
completely fused .

The pillar areas were rich with mucous and chloride

cel l s ( Figure 1 6).
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Figure 1 1

Transverse section of the Juvenile rabbitfish gills, Siganus
canaliculatus exposed to soluble fractions of 4mlll crude oil
for 3 days showing a slight increase in the number of mucous
associated with lamellar
circle)
secretin g cells ( open
epithelium. Mallory triple, x200 .

Figure 1 2

Transverse section of Juvenile rabbitfish gills, Siganus
canaliculatus exposed to soluble fractions of 4mlll crude oil
for 9 days showing lifting of lamellar epithelium of the
secondary lamellae (arrow), as well as slightly swollen tips
( arrow head). H&E, x200.

Figu re 1 3

Transverse section of J uvenile rabbitfish gills, Siganus
canaliculatus exposed to O.3mlll dispersant only for 3 days
caused fusion of the lamellar tips (arrow), as well as lamella
lifting from the rest of the lamellae (arrow head ). H&E, x200 .

Figure 1 4

Transverse section of Juvenile rabbitfish gills, Siganus
canaliculatus exposed to O. 3 mlll for 3 days to d ispersant only
showed slight increase of mucous (arrow) and chloride cel ls
(arrow head). H&E, x200 .
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Figure 1 5

Transverse section of Juvenile rabbitfish gills, Siganus
canaliculatus exposed to soluble fractions of 6mlll of crude oil
and O . 3 mlll dispersant only for 6 days showed the tips of the
secondary lamellae completely fused and the spaces between
lamellae occluded with cells containing mucous cells (arrow)
and chloride cells (arrow head). H&E, x200.

Figure 1 6

Transverse section through Juvenile rabbitfish gills arches,
Siganus canaliculatus exposed to soluble fractions of 6mVl
crude oil and 0 .3 mlIl dispersant for 6 days showing the more
affected areas, secondary lamellae completely fused (arrow).
The pillar areas rich are in mucous and chloride cells (open
circle). H&E, x200 .
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3.2.5

Recove ry of

juvenil e rabbi tfish gills a fter tre atment with

dispersant

Juvenile rabbitfish were exposed to dispersant for 3 days� Then
they were kept in fresh sea water for 1 0 days. These j uvenile rabbitfish
recovered and regained more or less normal structures. This recovery
process was gradual at different degrees . In some areas, possibly areas of
complete lamellae fusion and dystrophy of pillar cell system, rows of
pillar cells were observed ( Figure 1 7 ).
chloride cells were less than

The n umber of m ucous and

those found in the gills of j uvenile

rabbitfishs exposed to dispersant.

Interestingly, rod-shaped nucleated

cells \-vere observed i n these regenerating areas.

Indeed, these rod

shaped cell s were arranged in the form of rows parallel to the rows of
regenerating

pillar cel l s .

Other cells were scattered throughout the

lamellae.

In adj acent area, each row of pillar cell s had its own epithelium
forming a secondary lamella. However, the lamellar epithelium was still
thick and there were many m ucou s and

chloride cells scattered

throughout the regenerating lamellae. Normal blood cells were found in
the blood vessels .
looked normal.

In another area of the gill, the secondary lamellae

The pillar cell s were organized into rows which were

ensheathed by thin lamellar epithel i um . Remnant of what appeared to be
inflammation

was observed in

between two secondary lamellae,

indicating that this part of the gill has recently regenerated .

Other areas of the gil l were normal (Figure 1 8). The secondary
lamellae consisted of pillar cell s surrounded by thin lamellar epithelium
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with no sign of abnormality. Chloride cells were concentrated at the base
of the secondary lamellae.

3.3

E ffect of tre a tments on juvenile rabbitfish liYer.

3.3. 1 S tructure of normal juvenile ra bbitfish liver.

Histological examination of the control Juvenile rabbitfish l iver
showed that it is composed of radial cords of cells which extend from
central veins . These cords were typically consist of 1 to 2 cell layers
compressed and were bordered on either side by sinusoids that provide
blood

for hepatocytes . Normal hepatocytes were monomorphic with

uniform nuclei and variable cytoplasmic vacuolation .
vascular

Bile ducts and

elements were scattered i rregularly throughout the l iver

parenchyma ( Figure
throughout

the

1 9) .

Melanomacrophage cells were also found

parenchymal tissue.

PAS staining indicated the

homogeneous distribution of the glycogen in the hepatocytes ( Figure 20).
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Figure 1 7

Transverse section of Juvenile rabbitfish gills, Siganus
canaliculatus treated with O . 3 mlll dispersant for 3 days and
kept for recovery for 1 0 days showed fusion and dystrophy of
pillar cell system (arrow) and Round shaped nucleated cells
also were observed (arrow head) H&E, x200.

Figure 1 8

Transverse section of Juvenile rabbitfish gills, Siganus
canaliculatus were treated with 0 . 3 mlll dispersant for 3 days
and kept for recovery for 1 0 days showed normal area of gills
with no sign of abnormalities( arrow). H&E, x200.
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Figu re 1 9

Tran svers e secti on throu gh norm al Juve nile rabb itfi
sh liver'
Siganus canalicula tus. PAS, x50 .

Figure 20 Transverse section of h igher magnification of normal Juvenile
rabbi tfi sh liver, Siganus canaliculatus showing normal
architecture of hepatocytes (arrow). H&E, x400 .
I

3.3.2 E ffect of soluble fractio ns of crude oil on juvenile ra bbitfish
liver

Exposure of Juvenile rabbitfish to soluble fractions of 4mL'l crude
oil for 3 days did not have any effect on the histological structure of the
liver. However, mild leucocytic infiltration and cytoplasmic vacuolation
were observed ( Figure 2 1 ).

The figure also shows a few hepatocytes

n uclei pyknosis. Glycogen distribution was homogeneous and was not
different from normal l iver.

Exposure to soluble fractions of 4mL'l crude oil for 3 days caused
a slight distortion to the radial arrangement of the hepatocytes and the
area away from the central vein has a clear cytoplasm, indicating a
possible lack of oxygen supply to the liver. Hepatocytes are shrunken
with mainly enlarged n uclei and prominent nucleoli . However, glycogen
distribution was more or less homogeneous in the liver of these j uvenile
rabbitfishs ( Figure 22).

Treatment Juvenile rabbitfish with soluble fractions of 6 m L'l
crude oil for 3 days did not cause observable histopathological damage to
the l iver.

After 6 days of exposure to this concentration, the normal

architecture of the l iver started to be slightly distorted. Cytoplasmic
vacuoles appeared

in the hepatocytes . . The cytoplasm in cells that

located in areas away from the central veins appear as clear area around
the nucleus which is considered as an indication for the relative lack of
oxygen reaching the liv'er through the blood circulation ( Figures 23 and
24 ).
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Figure 2 1

Figure 22

Transverse section of Juvenile rabbitfish liver, Sigan us
canaliculatus exposed to soluble fractions of 4ml crude oilll
for 3 days showi ng no obvious effect on the histological
structure, but mild leucocytic infiltration and cytoplasmic
vacuolation (arrow) and pyknosis (arrow head). H&E, x200 .

Transverse section of Juvenile rabbitfish liver, Siganus
canaliculatus exposed to soluble fractions of 4 mlll crude oil for
3 days caused slight distortion to the radial arrangement
(arrow), hepatocytes are shrinked with mainly enlarged with
prominent nuclei (arrow head). PAS, x50 .

Figure 23

Transverse section of Juvenile rabbitfish liver, Siganus

canaliculatus exposed to soluble fractions of 6ml crude oilll for
6 days, slight d istortion started in the nonnal architecture
(arrow). H&E, x50.

Figure 24

Transverse section of Juvenile rabbitfish liver, Siganus
canaliculatus exposed 6mlll of soluble fractions of
crude oil
for 6 days, slight distortion started in the nonnal architecture
(arrow). H&E, x50 .
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3.3.3 E ffect of dispers ant on ra bbitfish liver

As mentioned earlier. most j uvenile rabbitfis h died within 3 davs
of exposure to dispersan t .

Liver of j uvenile rabbitfish s treated with

dispersant showed disruption of the radial arrangemen t of hepatocytes
(Figure 2 5 ). Connective tissue

of the blood vessels was thin and

contained blood cell s . The cytoplasm of hepatocytes was necrotic with
pyknotic n uclei .

The intercellular spaces were large due to the

contraction of the liver cells ( Figure 26 ). The glycogen content of
hepatocytes was poor as shown by PAS staining ( Figure 2 7 ) .

3.3.4

E ffect

o f soluble fra ctions o f crude oil and d ispersant on

ra bbitfish liver

The number of the dead j uvenile rabbitfish was less than that
recorded in .the case of dispersant only.

Within 6 days of Juvenile

rabbitfi sh exposure to a mi>...wre of soluble fractions of 6mlll crude oil
and dispersant, the l iver tissue was affected as indicated by derangement
of the hepatocytes ( Figure 2 8 ) . Blood cells were dumped inside the blood
vessels .

Focal necrosis was evident and cellular degeneration with

groups of necrotic cell s were observed, especially in close proximity to
the blood vessels .

After 6 days of exposure, a dramatic fatty necrosis was observed
m

the liver

as indicated by cytoplasmic vacuolation in hepatocytes.

Many hepatocytes lost their n uclei ( Figure 29).
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Figure 2 5

Transverse section of Juvenile rabbitfish liver, Siganus
canaliculatus exposed to O . 3 m l II dispersant for 3 days showing
disruption of the radial arrangerr.�nt of hepatoc� 1�s (open
circle). H&E, x50 .

Figure 2 6

Transverse section o f Juvenile rabbitfish liver, Siganus
canaliculatus exposed to 0.3 m llI dispersant for 3 days showing
blood cells and cytoplasm of hepatocytes are necrotic with
pyknotic nuclei (open circle). H&E, x l O.
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Figure 27

Transv erse section of Juveni le rabbitfi sh liver, Siganus
canali culatus expose d to 0.3 mllI dispersant for 3 davs showin g
poor glycoge n content s in the l iver hepatocytes (open circle .
PAS, x200 .

)

Figure 28

Transverse section of Juvenile rabbitfish liver, Siganus
canaliculatus exposed to soluble fractions of 6mlll crude oil
and 0 . 3 mlll dispersant for 6 days showing disorganization of
hepatocytes, focal necrosis was evident (arrow) and cellular
degeneration with group of necrotic cells are observed (open
circle). H&E, x5 0 .
7

Figure 29

Transverse section of Juvenile rabbitfish liver, Siganus
canaliculatus exposed to soluble fractions of 6mlll crude oil
and O . 3 mVl dispersant for 6 days showing a dramatic fatty
necrosis indicated by vacuolation (arrow)
and many
hepatocytes lost their nuclei (arrow head). H&E, x400 .

Figure 30

Transverse section of Juvenile rabbitfish liver, Siganus
canaliculatus exposed to 0 . 3 mlll dispersant for 3 days and then
kept in fresh water for 1 0 days for recovery. Liver tissue lost its
normal architecture (open circle). H&E, x400.
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3.3.5 Recov erv of juvenile r a bbi tflSh liver after trea tment "ith
dispers ant .

After exposure to di spersant for 3 days, some j uvenile rabbitfish
were removed and kept in fresh sea water for 1 0 days to observe the
possibility of recovery.
sacrificed at day 1 1

The j uvenile rabbitfish survived until they were

of their removal to fresh seawater. However, these

j uvenile rabbitfish were not as healthy as the control ones.

Histological examination of the liver tissues
pathological changes.

These changes indicate that

showed many
the dispersant

maintained its pathological affects on the liver, however the dispersant
effect on the liver was removed . The normal architecture of liver tissue
was lost (Figure 3 0 ) .

The bile d ucts compared with the normal liver, were irregular and
the cell s were not well organized in their walls. Also, the lumen of these
ducts was more or less col lapsed . Some hepatocytes degenerated while
others were necrotic with pyknotic nuclei (Figure

3 1 ).

Other

hepatocytes were enlarged and had clear cytoplasmic vacuoles. Many
hepatocytes

lost their n uclei ( Figure . 32 ). Although the l iver showed

many histopathological changes, the j uvenile rabbitfish are considered to
be recovered because all j uvenile rabbitfish that are remained in the
dispersant have died. The adverse effects of the dispersant was probably
due to its accumulation in the liver during the first days of Juvenile
rabbitfish exposure to dispersant.
•
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Figure 3 1

Transverse section of Juvenile rabbitfish liver, Siganus
canaliculatus after recovery shows disorganization of bile duct
cells (arrow). Some hepatocytes degenerated while others are
necrotic with pyknotic nuclei (arrow head). H&E, XSO .

Figure 3 2

Transverse section o f Juvenile rabbitfish liver, Siganus
canaliculatus after recovery shows enlargement of hepatocytes
(arrow). Some others with clear cytoplasmic vacuoles (arrow
head). H&E, x40.
76

3.4

E ffect o f solubl e fractions crude oil and dispersant treatm
ent
on Cytoch rome P450 enzyme activities.

The

induction of Cytochrome P4 50 (CYP ) activity in control

group did not differ ( P>0 . 0 5 ) between 3 , 6, 9 and 1 5 days . Also
treatment with soluble fractions of 4 mlll crude oil for 3 days did not
affect ( P> 0 .0 5 ) C YP enzyme activity. However , treatment with 6mlll, a
mi)"TI re of soluble fractions of 6 mlll crude oil and 0 . 3 mlll dispersant
and dispersant alone for 3 days induced (P<0.05 ) 1 . 5, l .6 and 2 . 1 fold
increases in activity (Tabl e . 2 ) .

Treatment with soluble fractions o f 4mvl crude o i l for 6 days did
not affect ( P>0 . 0 5 )

CYP enzyme activity . However , treatment with

sol uble fractions of

6mlll crude oil, as wel l as a mixture of soluble

fractions 6 mlll crude oil and dispersant for 6 days induced (P<0 . 0 5 ) 1 . 5
and l .6 fold increases in enzyme activity (Table. 3 ) .

Also, treatment with sol uble fractions o f 4mlll crude oil for 9 days
did not affect ( P>0 . 0 5 ) CYP activity . However , treatment with soluble
fractions of

6mlll crude oil as well as a mixture of soluble fractions of

6mlll crude oil and dispersant for 9 days induced (P<0 . 0 5 ) 1 .6 and 1 . 8
fold increases in activity (Table. 4 ).

In addition, treatment with soluble fractions of 4mlll crude oil for
1 5 days had no effect (P>O . 0 5 ) on CYP activity . However , treatment
with soluble fractions of 6mlll crude oil as well as a mixture of soluble
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fractions of 6ml/1 crude oil and dispersant induced ( P<0 . 0 5 ) 1 . 8 and 2 . 1
fold increases in CYP activity as showed in (Table. 5 ) .

3.5

Effect

of soluble

fractions

of crude

oil

and

dispersant

treatment on EROD activities

The EROD activity in control group did differ (P> 0 .05 ) between
3, 6, 9 and 1 5 days. Also,

treatment with soluble fractions of 4ml/1

crude oil for 3 days did not affect ( P>0 . 0 5 ) EROD activity . However,
treatment with soluble fractions of 6ml/1 crude oil or a mixture of soluble
fractions

of 6ml/1 crude oiL dispersant alone and dispersant for 3 days

induced ( P< 0 . 0 5 )

1 .4, 1 .4 and 1 .6 increases in EROD activity (Table.

2 ).

Also, treatment with 4mlfl crude oil for 6 days did not affect
( P>0 . 0 5 ) EROD activity. While, treatment with 6 mUI crude oil and a
mih.'tU re of 6ml/1 crude and dispersant for 6 days induced ( P<0.05 ) 1 .4
and 1 .4 fold increase (Table . 3 ) .

Treatment with 4 mM crude oil for 9 days did not affect (P>0 . 0 5 )
EROD activity.

While, treatment with 6ml/1 crude oil and a mixture of

6 ml/1 crude oil and dispersant for 9 days induced (P<0 . 0 5 ) 1 . 5 and 1 .6
fold increases(Table . 4 ) .

Treatment with 4 mUI crude oil for 1 5 days did not affect (P>0.05 )
EROD activity.

While , treatmen t with 6ml/1 crude oil and a mixture of

6ml/1 crude oil and dispersa nt for 1 5 days induced ( P<0 .0 5 ) l .6 and l . 7
fold increase s in acti\'ity (Table. 5 ).
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Table.

2

I n d uction of Cytochrome P450 and EROD
activities after 3 d ays exposure to pollutant
Parameter

Control

Crude oil

Crude oil

Crude

DISpersant

oil(6ml)+
(4 ml)

(6 ml)
DISpersant

Cytochrome

nmoVmg

P450

protein

I

1 6.22

1 5 .50

±

±

00.35

EROD

25.80 *

27.40 *

±

00.70

±

1 . 40

93. 1 5

90.30

1 3 1 . 50

±

±

±

4. 1 0

6.85

00.95

..

1 35.00 *

35.50 *

±

1 .05

1 55.60

picomoles/minlmg

protem
1 0.30

±

I

9.70

The values are mean ± SEM o f 1 0 fish

*

Significantly different (P < 0 05) from control fish

Statistical significance of the data was assessed using student' s t-test.
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±

10.10

•

The values are mean ± SEM of 1 0 fish

*

Significantly different (P < 0.05) from control fish

Statistical significance of the data was assessed using student's I-test.
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Table . 4

I n d uction of Cytochrome P450 and EROD acttvitt e s after9 days exposure to pollutant.

Control

Parameter

Crude oU

(4

Crude oU

Crude
oU(6ml)+

mI)

(6

mI)
Di spersant

Cytochrome

nmol/mg

P450

protein

1 7.60

2 1 . 50

±

±

1 05.30

90.50

plcomole- rnmImg

I
I

protem

I

I

..L
-

I

I

.. Sigruficmtly

....
-

l .80

1 . 70

I
I

•

1 40 60

I

I

± SEM

I

I

±

I

I

I

I

of ( 1 0) fish

dlfferent (P < 0 05) from control fish

Statistical slgnificmce of the data was assessed using student' s
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I
I

6 00

6 . 40

*

±

I

4.80

I

The values are mem

32.50

*

±

1 .40

00.80

E ROD

29.80

I

-

test.

1 46 30
..L
-

7.20

..

Table No. 5

I n duction of Cytochrome P " 50 and E RODacttviti e s after 1 5 days exposure
to pollutant

Control

Parameter

Crude 011

Crude 011

Crude
oil(6m1)+

(4 mI)

(6 mI)
D ispersant

Cytochrome

runoL'mg

P450

1 6. 70

2 2. 30

±

±

protein

1 . 50

00 90

EROD

85.80

1 1 0.70

30.90 *

I

±

±

2 .02

1 .80

1 43.50

35.60 *

*

1 50.20

picomolesiminlm
protein

±

±

4.20

The values are mean
'"

=

6 . 00

±

±

7 . 40

8 . 30

SEM of (1 0) fish

Significantly different (p < 0.05) from control fish
StaTIstical significance of the data was assessed usmg student' s I-test
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3. 6

Results

of treatmen ts on

r abbitfish

total protein (% ) in juvenile

meat

Data results of the effect of soluble fractions of 4 6mVI
crude

oil in the presence or absence of dispersant

on the ratio of

total protein content showed different to the control ( Table.6)
Table. 6
Total protein (% ) in Juvenile rabbitfish meat

S
'
l
3da
i

Duration of treatment

Type of treatments

I

4 mlll crude oil

I

6 m1t1 crude oil

+

0.3

Dispersant
6

mlll crude oil

+

03

1

00. 1 360

Control

1 7. 1 3
00.250 1

1 2 days

1 2 .2 1

1 8.30

ND

00.2088 •

ND

1 2 .00
00.2053 •

I

\

I

i

2538

•

1 8.46

1 7.47

00.2028 •

00.2353 •

ND

ND

ND

ND

ND

ND

...

ND

1 5. 3 7
00. 1 426 ...

9 days

ND

1 4. 1 5

Dispersant

••

1

•

ND

Dispersant 0 . 3 m1t1 only

rn11 crude oil

I

1 7.04
00.2466

4

1

ND

6 days

I

••
...

At the begining of experiment, random samples were selected and total protein was
found to be 1 7. 1 3%

ND
...

=

not determined

weight is 0.250
values presented are the average of 1 0 fish at least and fish average

•

•
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Effect of Treatments on adul t female ra bbitfish skin .

3.7

3.7. 1 Structu re of normal female r a bbitfish skin

Examination
skin,

transversal

section

of

Juvenile rabbitfish

showed that it consists of two distinct principal layers an

epidennis to the
lS

of

built

up

of

outside and dennis to the inside.
a

stratified

epithelium,

cells

characterized by several multiple layers or strata,
other.

Cell s

or

basement

membrane

ill

The epidermis
that

which

is

one above the

the interface between

dennis and epiderm is layers are shown to be cuboidal, while cells
on the top l ayer are sqamous. The keratinized layers are thin .
The
unifonn,
near

shape of the constituent cells of these layers

lS

not

for the cell s of the basal laver are cuboidaL while those

the surface are flattened and scale-like.

are polygonal .
la. er and

The cells in between

The basal layer is called the stratum

germinative

composed of rounded cuboidal cells.

M ucous secreting

cell s were found in the upper layer of the

epidennis. Club cell s are large, u sually round cell s found in the middle
layer of the

epidermis.

The dermis consist of a connective tissue

differentiated into two distinct layers, the outer layer consists of fibrous
connective tissue called the compact layer ( Stratum compactum ) . The
l ayer below is called stratum spongiosum. The spongy layer is rich in
blood capil laries and nerve fibers. Melanophores contains cells which are
irregular in shape, lie close to the epidermis and appear full of black
granules called melanophores, this give the fish its color characteristic
( Figure 3 3 ) .
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3.7.2 E ffect of soluble fractions of crude oil on adult female ra bbitfish
skin

Exposure

of

Adult

female

to 6mL1 soluble fractions of

crude oil for 1 8 days caused decrease in the number of epidermal
mucous

cells.

preparation

S kin was fragile during handling and splcemen

( Figure 3 4 ) .

3.7.3 Effect of dispersant on adul t female ra bbitfish skin.

Exposure of Adult female to dispersant only for

1 8 days

showed that there was decrease in epidermal cell number, mucous
cells,

club cells, Keratinized layer and Melanophore (Figure

3 5 ).

3.7.4 E ffect of soluble fractions of crude oil and d ispersant on a dult
fem ale ra bi tfish skin.

Exposure

of

Adult

female

to 6111111 soluble fractions of

crude oil and dispersant showed that the number

of epidermal

Club cell s were

enlarged and

mucous cell s slightly decreased.
some

nuclei were pushed aside ( Figure 3 6 ).
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Figure 3 3

Transverse section of control Adult rabbitfish skin, Siganus
canaliculatus showing normal structure of skin layers of the
skin, mucous cells (arrow), club cells i n the m iddle part (arrow
head), malpighian cells (open circle) and dermis (open cube).
H&E, x200 .

Figure 34

Transverse section of Adult rabbitfish skin, Siganus
canaliculatus exposed to 6 mlll of soluble fractions of crude
oil for 1 8 days showing decrease in epidermal mucous cell
(arrow). H&E, x200.
R6

Figure 3 5

Transverse section of Adult rabbitfish skin, Siganus
canaliculatus exposed to O .3 mVl dispersant for 1 8 days
showing decrease in epidermal cells (open circle). H&E, x200.

Figure 36

Transverse section of Adult rabbitfish skin, Siganus
canaliculatus exposed to a mixture of 6mlll of soluble fractions
of crude oil and O.3 mlll dispersant for 1 8 days showing
epidermal mucous cells (arrow) and club cells (arrow head).
H&E, x200.
7

3.8

Effects

of trea tments

on

adult female

rabbitfIsh

�
3.8. 1 Struct ure of norma l

a dult female ra bbitfIsh gills .

Like the gill of a typical teleost fi sh, the gill of Adult female
Siganus is composed of two sets of four holobranches, forming
the

sides

of

the pharynx.

Each holobranch consists of two

hemibranches proj ecting from the posterior
arch or gill arch in
touch those

edge of the branchial

such a way that the free edges diverse and

adjacent holobranches.

Histological

examination

of

the

hemibranch

(Figure 3 7 )

shows that i t consists o f a row o f long thin fi laments, the pnmary
lamellae, which proj ect from the gill arch like the teeth of a comb.
The surface area of the primary lamella is increased further by the
formation of regular semilunar folds across it dorsal and ventral
surfaces.
The secondary lamellae consist of an envelop of squamous
pavement

cells.

This envelop is one cel l layer thick and is

supported internally by
rows ( Figure

pillar cell s

which are arranged in parallel

3 7 ) . Also, the figure indicates that the flanges of the

cells form the endothelium of the lamellar blood spaces,

pillar

except around the distal edge of the lamella where the marginal
channel

IS

partially

by

enclosed

separate

Chloride cells are located at the base
and

among

secreting

cells.

the

lamellar

epithelium

endothelial

cells.

of the secondary lamellae
together

with

mucous

Between the epithelial cell layers intercellular
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lymph spaces occur.
erythrocytes
3.8.2

Blood vessels contained

blood cells.

The

were oval in shape with prominent nuclei.

Effect of soluble

fractions of

crude oil on adult female

rabbitfish gills.

Treatment of Adult females with
oil

soluble fractions of crude

at a concentration of 6 mlll for 1 8 days caused slight swelling

of the tips of the secondary lamellae (Figure
secondary lamellae, there was a
( Figure

39).

In

lamellar epithelium.

38).

Within the

marked dilation of blood spaces

a few places, there was a thickening
Chloride cell

of the

number increased and became

numerou s around the base of the secondary lamellae.

On the

other hand, m ucous cell s increased at the tip of the lamellae.
Leucocytic

invasion was also observed ( Figure 39) .
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Figure 3 7

Transverse section of nonnal Adult rabbitfish gills, Siganus
canaliculatus showing nonnal structure of gills layers. Primary
lamell ae ( arrow), Secondary lamellae ( arrow head), chloride
cells (open circle), and pillar cells (open cube). H&E, x200.

Figure 38

Transverse section of Adult rabbitfish gills, Siganus
canaliculatus exposed to 6mlll of soluble fractions of crude oil
showing slight swelling of the tips of secondary lamellae (open
circle). H&E, x40.
00

Figure 3 9

Transve rse Transve rse section of Adult rabbitfis h gills,
S iganlls canaliculatus exposed to soluble fractions of crude oil
showing marked dilation of blood spaces within the secondary
lamellae ( arrow), pillar system completely broken (arrow head)
and l eucocytic invasion was observed (open circle). H&E, x200 .

Figure 40

section of Adult rabbitfish gills, Siganus
canaliculatus exposed to 0.3 mIll dispersant for 1 8 days. Large
proportion of swollen, rounded secondary lamellae (arrow)
pillar system completely broken ( arrow head) and leucocytic
invasion was observed (open circle). H&E, x40.
Transverse
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3.8.3 Effec t of dispe rsant on adult femal e ra bbitfish gills.
The most numerous and promi nent

chang es in

the gills

were associa ted with treatm ent of fish with the dispers ant.
most commo n lesions ( Figures
areas

of

chronic

inflamm ation

3)

Haematomas,

40 and 4 1 ) were :
In

the

The

1 ) Multifocal

gill

lamellae,

2)

M ultifocal areas of granulat ion or fibrous

tissue in the gill lamellae and 4 )

Multifoc al areas of lamellar

fusion .
One

of

proportion
these

most

of swollen,

parts

epithelium

the

characterist ic

a

disorganized

Generally,

instances

it

subepithelial

pronounced
Circulating

the

was

In each of

In

indicating

Haematomas

of

pillar

cells and

epithelium remained intact,
and
in

haemorrhage

but in

occurred .

the lamellar sinuses and in

Subepithelial lymph spaces were more

the

erythrOCytes

mass

ruptured

space.

towards

were deformed,

was the large

rounded secondary lamellae.

Leucocytic invasion was obseryed
the

features

pillar system was completely broken and the

enclosed

erythrocytes .
some

the

\vere

tips

of

the

branchial and lamellar arteries

the

secondary

lamella

incipient haemolvsis.
pillar

observed,

cell s

appeared much

reduced in size in many sites .The pillar cell system is lost in
other sites .
distal
lamellae,

It appeared that this type of damage started when the

reglOn
SInce

progressed
the

distal

the

towards
lamellar

severely damaged ( Figure 42 ).
•

•
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..

proximal

area

of

the

reglOns were always more

Lamellar

fusion

occurred.

especially

secondary lamellae (Figure 4 3 ) .

interlamellar

There

spaces

through

layer of

the

to occlude almost completely
which

water

nomlally flow.

was e}..'tensive intercellular vacuolation and detachment of

the lamellar epithelium
also

the tips of the

The epithelial

fused lamellae were swollen so as
the

at

which became

thick.

deposited in the interlamellar spaces.
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Fibrous tissue was

Figure 4 1

Transverse section of Adult female rabbitfish gills, Siganus
canaliculatus exposed to O .3 mlll d ispersant for 1 8 days
showing haematomas (arrow), pillar cells appeared much
reduced in s ize in m any sites (arrow head) and leucocytic
i nvasion was observed (open circle). H&E, x40.

Figu re 42

h gills , Siganus
Tra nsve rse sect ion of Adu lt fema le rabb itfis
O . 3 mlll disp ersa nt sh � win g
to
exp osed
canaliculatus
rred at the tips of
h aem atom as ( arro w) and lam ella r fusi on occu
.
seco ndary lam ellae (arrow hea d) . H& E, x50
'H

Figure 4 3

Transverse section of Adult female rabbitfish gills. Siganus
canaliculalus exposed to 0 . 3 mIJI dispersant showing lamellar
fusion occurred at the tips of secondary lamellae (arrow). H&E,
x50 .

Figure 4 4

Transverse section of Adult female rabbitfish gills, Siganus
canaliculatus exposed to a mixture of soluble fractions of 6mlll
crude oil
and O.3mlll dispersant showing fusion of the
secondary lamellae tips with each other (arrow). H&E, x50.

3.8.4 E ffect of soluble fr actions of crude oil and d ispersant on adult
female ra bbitflsh gills

A mixture of

6 m1fl crude

oil and dispersant for 1 8 da) s

had a less damaging effect on the fish gill than did the dispersant
alone (Figure 44).
1.
2.

Fusion

The obvious responses of the gills were :

of the secondary lamellar tips.

Increase i n the number of mucous secreting cells.
the

secondary gill lamellae were swollen and were fused

with each other
the

The tip of

number

of

III

some sites.

Figure 45 demonstrate that

secreting

m ucous

cell s

was

especially in the most exposed parts of the gills.
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increased,

Figure 4 5

Transverse section of Adult female rabbitfish gil l s, Siganus
canaliculatus exposed to a mixture of soluble fractions of 6mVI
crude oil and O . 3mVI dispersant showing increase in the
number of m ucous secreting cells with fused secondary
lamellae tips (open circle). H&E, x40 .

Figure 46

Trans verse sectio n of contro l Adult femal e rabbit fish liver,
l
Siganus canaJicu/atus show ing norm al architecture , centra
vein ( arrow ), blood sinusoids (arrow head) , bile duct (open
circle ), and hepatocytes (open cube ). H&E , XSO.
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3.9

Effec t of trea tmen ts on a d ult fem ale ra bbitfi sh liver.

3.9. 1 Struc tu re of norm al a d ult female rabbit fish liver
As

the

mentioned for the Juvenile rabbitfish

l iver, the liver of

Adult female is composed of hepatocytes arranged radially

around blood vessels. The row of hepatocytes has 2-3 l ayers of
cells

and

Nonnal

enclose

in-between the blood

hepatocytes

sinusoids (Figure 4 6 ) .

are polygonal and contain large prominent

nuclei ( Figure 4 7 ) .
3.9.2

Effect o f soluble

fractions o f crude oil o n

adult fem ale

r a b bi tfish liver.

Exposure

of Adult female

to

6 m lll of soluble fractions of

crude oil

for

1 8 days caused a slight disturbance of the normal

architecture

of

the

observed

within

vacuoles

could

liver

the
be

( Figure

liver
due

4 8 ).

parenchyma

to

abnormal

Fat vacuolation was
(Figure

49).

accumulation

because of their smooth margms . These smooth

These
of

lipids

margms of the

circular areas differentiate fat from glycogen which would show a
diffuse border.

Yellow precipitates were found

the blood vessels.

These

in the vicinity of

represent trapped bile secretions within

the bile ducts as a result of a possible block to the main bile duct.
Other changes due to exposure to crude oil include enlargement
of the hepatocytes and
areas

swelling of

cytoplasm. In addition, clear

appeared due to degeneration of the hepatocytes.
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Figure 47

Figure 4 8

Transverse section of control Adult female rabbitfish liver
S iganus canalicu latus showing normal architecture. H&E,
x400 .
,

Transverse section of Adult female rabbitfish liver, Siganus
canaliculatus exposed to 6mlll of soluble fractions of crude oil
for 1 8 days showing a slight disturbance of the normal
architecture of the l iver (arrow). Arrow head indicate yellow
precipitates that are found in the vicinity of the blood cells.
(arrow head) H&E , x200 .
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Figure 49

Transverse section of Adult female rabbitfish Liver, Siganus
canaliculatus exposed to 6 mVl of soluble fractions of crude oil
for 1 8 days s howing fat vacuolation (arrow), and enlargement
of hepatocytes and swelling of cytoplasm (arrow head). H&E,
x400 .

Figure 50

Transverse section of Adult female rabbitfish liver, Siganus
canaliculatus exposed to 0.3 mlll dispersant only showing loss
of the normal architecture of liver parenchyma. Masses of
yellowish pigment and cell debris were scattered (arrow). H&E,
x50 .
1 00

3.9.3 Effect

of

d ispers ant on a dult female rabbitfish liver

The norma l architecture of the liver
althoug h

parenc h 'rna was lost.

most hepatocytes had normal appeara nce ( Figure 50).

Masses of yellowis h pigment and cell debris were scattered close
to

blood

vessels.

Some hepatocytes were enlarged, membran es

were shrunk and cytoplasm ic vacuoles were formed ( Figure

5 1 ).

3.9.4 E ffect of soluble fractions of crude oil a nd d ispersant on a dult
fem ale rabbitfish liver

Exposure of Adult female to 6mlll of soluble fractions of
crude oil

and dispersant showed loss of normal

hepatocytes.

The epithelium forming the

was disorganised,

wall of the bile ductule

consisting of irregular cell s , The lumen of bile

ductule was very narrow.
blood

architecture of

In close vicinity

of bile ductules and

vessels, there were masses of cell debris and yellowish

pigment.

These

masses

were

also

found

within

the

liver

parenchyma. Towards the periphery of the liver, bile ducts were
distended

and the l u mena were full of bile secretion . This may be

due to extrahepatic
Obstruction

may

or intrahepatic obstruction of the bilary tree,

include

distention of upstream bile ducts by

bile; the stasis and back pressure induces proliferation of the duct
epithelial cell s ( Figure 52).
was

observed .

pushed

the

There

were

E}..1:ensive vac uolation of hepatocytes
large

cytoplasmic

vacuoles which

n uclei to one side of the hepatocyte, Also, large

necrotic areas were found near the distended bile
5 3 ).
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duct ( Figure

Figure 5 1

Transverse section of Adult female rabbitfish liver, Siganus
canaliculatus exposed to 0 . 3 m lll dispersant only showing some
hepatocytes were enlarged (an-ow) with shrunken membranes
and cytoplasmic vacuoles ( arrow head) . H&E, x400.
-

Figure 52

-

Transverse section of Adult female rabbitfish liver, Siganus
canaliculatus exposed to a mixture of 6 mlli of soluble
fractions of crude oil an� 0.3 m lli of dispersant showing loss of
nonnal architecture of hepatocytes. Epithelium forming the wall
of bile d uctule was disorganized ( arrow) and yellowish pigment
was trapped (arrow head). H&E, XSO.

Figure 53

Transverse section of Adult female rabbitfish liver, Siganus
canaliculatus exposed to a mi>..wre of 6mlll sol uble fractions of
crude oil and 0 . 3 mlll dispersant for 1 8 days showing extensive
cytoplasmic vacuolation ( arrow), these cytoplasmic vacuoles
pushed n uclei to one side. H&E, x400.

Figure 54

Transv erse section of Adult female rabbitfi sh ovary, Siganus
fully
canaliculatus i n contr ol fish show ing norm al oocyt es
w).
d evelo ped and norm al yolk form ation h ad occu rred (arro
H&E, x200.
10

3. 1 0

Effec ts

of trea tments

on a dult femal e rabbitfish ovan;

3. 1 0. 1 Structu re of norma l
The

h i stologic al

a d ult female ra bbitfish ovary

architec ture

ovary duri ng spawnin g season
the

fully

d eveloped

oocytes

of

Ad ult

female

examin ed

revealed that a high proporti on of
are

present

at

final stage . The

maturating stage is characteriz ed by the appearanc e of yolk in the
of

form
appear
large

m i n ute granules i n the extravascula r ooplasm .

fi rst

the peri pheral region and accumulate there in

III

n u m bers .

The

while the whole

yolk

granules

then proceed centripetally,

ooplasm became impregnated with them . Normal

yolk formation had occurred and
larger globules.

They

The ooc\-1e then

thin layer of fibroblasts,

known

the yol k granules fuse to form
become

of considerable size. A

as theca

is also distinguishable

outside the foll icular layer ( Figures 54 and 5 5 ).
was

It

surrounded
ovary

also

behveen
3. 1 0.2

by

observed
thin

\ ery

contained

a

ovary

was

fibrous connective tissue layer.

The

that

few

normal

the

n umbers

of

female

immatured oocytes

matured oocy1es far a\vay from ovary wal l .
E ffect

o f soluble fractions o f

crude oil o n a dult female

r a bbi tfish ova ry

Treatment of Adult female ovary with crude oil

1 8 days led to maturation of high

of 6 ml for

proportion of oocytes. Some

oocytes did not reach ful l development,

that may be at primary

stage. A few number of immature ooc)1es found died and some of
them

were shaded .

with abnormalities

The ooplasm

of matured oocytes \\'ere found

evidence such as shrin kage of yol k granules. It
1 04

was observed also that the

ovary was surrounded bv thick layer

of mesovarian fibrous tissue which contains network of
vessels ( Figures 56 and 5 7 ).

•

1 05 .

blood

Figure 5 5

Transverse section of Adult female rabbitfish ovary, Siganus
canaliculatus i n control fish showing the structure of normal
oocytes which consists of Zona radiata (a), Zona granulosa (b),
NucleU(c), theca (d), yolk vesicles (e) and yolk granules (£).
Mallory triple, x400.

Figure 56

Transverse section Adult female rabbitfish ovary, Siganus
canaliculatus exposed to 6 mlll of soluble fractions of crude oil
for 1 8 days showing normal oocytes fully developed (arrow),
while others didn't develop (arrow head). PAS, XSO.
1 Jo

Figure 5 7

Enlargement of Adult female rabbitfish ovary, Siganus
canaliculatus exposed to 6mVI of soluble fractions of crude oil
showing oocytes ful ly dev�lope� ( arrow) while others at
sec01; dary stage ( ��row head) H&E, x2 00.

Figure 5 8

Transverse section of Adult female rabbitfish ovary, Siganus
canaliculatus exposed to O.3mlll dispersant only showing
oocytes fully developed (arrow), while few number of oocytes
did not d evelop ( arrow head). Mallory triple, x50 .
1 07

3. 1 0. 3

E ffect of dispe rsant on adult fem ale rabbi tfish ova rv

Treatment
with
a

of Ad ult female ovary d uring spawning season

di spersant only

h igh

proportion

maturating stage,

at a concentration of 0 .3m lll revealed that
of

oocytes

having yolk

fully

developed

reached

to

gran ules, yolk vesicles, cortical

alveoli, theca and migrating n ucleus .
But

a

few

n umber

of

immatured

oocytes

undeveloped, and all arrested near the ovarian wall .
had thick

remained
The ovary

layer of fibrous connective ti ssue, also exhi bited large

interfollicular

spaces

between

arrested

undeveloped

oocytes

and matured oocytes ( Figures 5 8 and 59 ).
3. 1 0 . 4 E ffect of solu ble fractions of crude oil and dispersant on
a d ult

The
treated

female

h istological
with

r abbitfish o" a ry

examination

of

the Adult female ovary

6mlll crude oil and 0 .3 mVI dispersant revealed that

all ova h ad not reach the maturation stage ( Figures

60 and 6 1 ) .

The matured stage i s characterized by having yolk globules, yolk
vesicles and migrating nucleus.

The histological architecture exhibited

l arge i nterfollicular spaces. In addition, several oocytes were observed in
the

process of absorption, i . e, atretic oocytes. It was observed that

oocytes development appeared to be arrested in some individuals
exposed to both soluble fractions of light crude oil and dispersant. Also,
it was observed. that the ovarian wal l was surrounded by a thick layer of
epithelial tissue . The arrested oocytes were in primary stage which might
be stage I, II and III. It was found also that blood vessels were congested
111

some areas:.
1 08

Figu re

5 9 Enl arge men t of Adu lt fema le rabb itfish
oyary
Siganus
.
�a:1alzculatus expo sed to 0 . 3 m ld dispersa nt
show ing ooc�tes
huly deye loped ( a rrow ) and OOC)tes did not
de, elop ( arro\\
head) . H&E . x200 .

Figure 60

,

Transverse section of Adult female rabbitfish ovary, Siganus
canaliculatus exposed to a m ixture of soluble fractions of 6ml/l
c rude oil and O . 3 m l/l dispersant for 1 8 days showing the
majority of undeveloped primary oocytes (arrow), and
secondary oocytes ( arrow head). Mallory triple, x50.
1 09

Figure 6 1

Enlargement Transverse section of Adult female rabbitfish
ovary, Siganus canaliculatus exposed to a miArture of soluble
fractions of 6mlll crude oil and O .3mlll dispersant, showing
haemorrhage case (arrow ) and atretic oocytes (arrow head).
H&E, x200.

' 10

CHAPT E R

4

DISCUSSION

1 11

D I SCUSSI ON

Hi stopathological changes in animal tissues

are powerfull

indicators of prior exposure to environmental stressors ( Hunn 1 988:
Hinton and Lauren

1 990). The present study was conducted to

investigate the histopatholo gical c hanges that can be caused by
petroleum
( siganus

sharjah

contaminants on the coastal j uvenile and adult rabbitfish
canaliculatus) .

Fish were exposed to soluble fractions of

light crude oil

and Nalfleet oil di spersant ( Maxi-clean 2 ) .

Exposure ofjuyenile rabbitfish to soluble fractions o f crude oil for 3 days
did not cause any histopathlolgical changes on ski n . However, exposure
to dispersant only or to a mi::-...1:ure of crude oil plus dispersant for 3 days
caused decrease in m ucou s epidermal cells.

Shrinkage of epidermal

layer as well as fusion of epidermis and dermis was also evident after 3
da) s of treatment with dispersant. The later changes was not observed at
3 days of treatment with the mi:\.w re of crude oil and dispersant� but, it

was obvious after 6 days of the same treatment. Fifteen days of treatment
with soluble fractions of crude oil caused increase in the number of
Malpigian cells and expansion of Stratum spongiosu m . Results from the
present research were in agreement with published literature. Wester
( 1 9 8 8 ), observed decrease in epidermal cells number especially mucous
cells. These kind of changes were also observed in different occasions as
mentioned by Hunn ( 1 9 8 8 ),

Hinton and Lauren ( 1 990). Several oil

polutants such as PAHs and PCBs ( Meyers and Hendricks 1 982) and
indigenous dispersan t ( Kumar et al

.

1 989) were found to be toxic and

have been shown to produce histopat hological changes in fish tissues.

1 12

Adult rabbitfish were exposed to the forementioned treatment for
1 8 da s . A decrease in epidermal mucous cell s was apparent when fish
were exposed to sol uble fractions of crude oil . In addition, exposure to
dispersant only reduced the number of epidermal mucous cell, club cell s,
melanophores and the keratinized layer

thickness.

However, the

decrease in epidermal mucous cells was less visible when fish were
exposed to soluble fractions of crude oil plus dispersant. This treatment
also showed enlargement of club cells with accentric nuclei.

Exposure of juvenile rabbitfish to sol uble fractions of crube oil and
dispersant for 3 days caused increase in mucous and chloride cells in the
gills. However, exposure to dispersant only caused fusion of the lamellar
tips and spots of inflammation in the secondary lamellae.

The later

changes were observed after 6 days of treatment with the mi:\.w re of
soluble fractions of crude oil and dispersant as well as the pillar areas
were found rich with mucous and chloride cells. Nine days of treatment
with soluble fractions of crube oil caused lifting of lamellar epithelium
and swollen the tips of secondary lamellae. When fish were recovered
and placed in fresh sea water for 1 0 days, they regained approximately
the normal structure of gil l s, normal blood cells, and normal secondary
lamellae. A decrease in number of mucous cells and chloride cells \,vas
also observed after recovery. These data were in accord with published
information.

Khan ( 1 99 5 ), reported similar lesions in winter flounder

fi sh, Pleuronectes american us, following chronic exposure to crude oil.
Also, Hansely et a1 . ( 1 982 ) reported lesions of a similar nature in plaice
fish, Pleuronectes platessa. These studies were conducted after 9 to 27
months from the Amoco Cadiz spill in 1 97 8 .

1 13

Ad ult rabbitfish were exposed to the same treatment for 1 8 days.
Soluble fractions of crude oil caused slight swelling of the tips of the
secondary lamellae of the gill s, marked dilation of blood spaces inside
the lamella, red uction in chloride cells and m ucous cells at the tips of
lamellae . .

H owever,

exposure to di spersant only caused chronic

multifocal areas in the gill lamellae, haematomas, multifocal areas of
granulation or fibrous tissue in the gill lamellae, m ultifocal areas of
lamellar fu sion and large proportion of swollen and rounded secondary
lamellae. In addition, pillar system was compeletely broken and reduced .
Epitheli u m

remained

i ntact,

ruptu red and haemorrhage occured .

HO\.vever, exposure to a mixture of sol uble fractions of crude oil plus
dispersant caused fusion of secondary lamellar tips, and increase in
mucous secreting cells. Tips of secondary gill lamellae were swollen and
fused .

Di sorganization of the pillar cells was also observed . Thus, the

present results may suggest that such a severe damage in gills would
cause respiratory and osmoregulatory distress. Since gaseous exchange
takes place across the surface of the secondary gill lamel lae , an exessive
secretion most l ikely to i mpaire oxygen uptake and increase fish death .

Exposure of j uvenile rabbitfish to soluble fractions of crude oil for

3 days caused compression i n hepatocytes, mild leucocytic infiltration,
cytoplasmic vacuolation, and clear cytoplasm in the area away from the
centra l vein .

However, exposure to dispersant only caused necrosis in

the cytoplasm of hepatocytes with pyknotic nuclei and large intercelullar
spaces . Exposure of j uvenile rabbitfish to fractions of crude oil plus
dispersant caused

slight distortion to the radial arrangements of

hepatocytes in the liver after 3 days. Six days of treatment with soluble
fractions of crude oil caused also slight distortion and cytoplasmic

1 14

vacuo les i n the hepato cytes.

In additio n, 6 days of treatm ent with

dispers ant only caused disorga nizatio n of the hepato cytes, focal necrosi s
and celullar degeneration . Meanw hile. exposure of fish to crude oil plus
dispersa nt for 6 days caused dramatic fatty necrosis which i s indicated
bv cytoplasm ic vacuolatio n and losses of n uclei . Recovery of 1 0 days
with fresh sea water resulted in losses of nonnal arch itecture . Bile ducts
wal l

was i rregular and was not wel l organized .

Hepatocytes were

degenerated, while others were necrotic with pyknotic n uclei . These
data

were

III

line

with

published

reports.

Bodammer and

M u rchelano, ( 1 99 0 ) observed vacuolated cel ls in winter flounder fish
from

the h eavily poll uted Boston Harbor. Also, Moore ( 1 990) observed

that haloginated hydrocarbons and h eavy metal s were associated with
vacuolated cel l s . This m ight be anomalous cel l s that develop in response
to c)10toxins.

Adult

rabbitfish

were exposed to treatments for

Exposure to soluble fractions
nonnal

architectu re�

precipetates in

fat

1 8 days.

of crude oil caused slight disturbance of

vacuolation within parenchyma, yellow

the vicinity of the blood

vessels, enlargement of

hepatocytes and swelling of cytoplasm. However, exposure to dispersant
alone caused diorganizat ion in the epithelium forming the wall of bile
ductule, narrowing in the lumen of the bile ductule, yellowish pigment
around the bile d uctule and vacuolat ion of hepatocytes. Meanwh ile, the
effect of a mixture of soluble fraction s of crude oil plus dispersa nt was
similar to the effects of dispers ant alone.
energy reserve s

Conseq uently, depletio n of

( lipid and glycog en ) is charac terized by intensi ve

vacuol ated hepato cytes that may render the metabo lic functio n of l iver

1 15

such as the prod uctio n of urea and com poun ds conc erne
d with nitro gen
'-'

excretion .
The ind uctio n of cytoc hrom e P4 50 and ER OD enzym es
activi ties
In

fi sh

l iver micro some s was

rabbit fish

also studie d .

Expo sure of j uveni le

to 4 m l lI solubl e fractio ns of crude oil did not cause any

inducti on i n cytoch rome P4 5 0 after 3, 6, 9 and 1 5 days. However,
exposure to 6 ml lI soluble fractio ns of crude oil, m ihiure of 6 mVI soluble
fractions of crude oil

plus

dispersa nt, and dipersan t only caused

induction in cytoc h rome P4 5 0 after 3, 6, 9 and 1 5 days.

Exposure of j uvenile rabbitfish to 4mllI soluble fractions of crude
oil did not cause any induction in EROD activity after 3, 6, 9 and 1 5
days. However, exposure to 6mlll soluble fractions of crude oil. mix·ture
of 6111111 soluble fractions of crude oil plus dispersant, and dipersant only
caused induction in EROD activity after 3, 6, 9 and 1 5 days.

The l iver i s considered to be a major detoxification organ where
many foreign compounds will be degraded ( Guengerich 1 99 1 and 1 993 ) .
. Raza et a1 . ( 1 99 5 ) reported also about 2 to 4 fold increase in the total
amount of induction of hepatic cytochrome P4 50 in rabbitfish treated
daily inter-pretonial with 40 mg IBNFI kg body weight for 2 days.
Cytochrome P4 50 induction in this report was twice as much in the
present study.

This could be explained by the effectiveness of the inter

pretonial treatment as compared by the method used in the present
study.
reports.

The data in the present study was in agreemen t with published
Livingst one,

( 1 99 5 ) observed

et a1.

ethoxyresorufin -o-deeth ylase

( EROD)
•

1 16
•

activity

increase in 7-

and cytochro me-IA

protein l evel s i n

Goby fish.

These values were correlated with high

ti ssue contaminant levels at the industrial Porto Marghera Site.

Adult female rabbitfish exposed to
Soluble fractions of

crude oil resulted in maturation of oocytes,

shri n kage of yol k granules
exposure to

treatments for 1 8 days.

and a few immatured oocytes.

Also,

di spersant only caused m aturation of oocytes and large

i nterfollicular spaces.

However,

exposure to a mixture of soluble

fractions of crude oil plus d ispersant caused atretic oocytes, congestion
of blood vessels and preventing oocytes from reaching maturation stage.
These data \-\iere i n line with published reports. Thomas and Budiatara
( 1 99 5 ) observed that exposure of female Atlantic croaker fish during
critical period of their reprod uctive life history to water soluble fractions
(WSF 2 . 5 or 5 ° � ) or napthalene
would

0 . 5 or 1 .0 ppm for 5 or 8 weeks,

block sexual development and impair ovarian recrudescence.

Therefore, i t i s evident

that a mix'ture of crude oil plus dispersant may

delay or block the development of oocytes in the ovary to the final
maturation and and fertil ization .
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C O N C L U S I ON

The ongom g

study demon strated for the first time drama tic

effects of sol uble fractions of Sharjah light crude oil and dispers ant on
coastal

rabbitfi sh.

Both

j uvenile

and

adult

expresse d

severe

histopath ological changes i n the skin, gills and l iver. Adult rabbitfish
showed more atretic fol licles when exposed to the mixture of soluble
fractions of
only.

crude oil plus dispersant than those exposed to dispersant

H igh concentration of soluble fraction of crude oil, dispersant or

mih"tlire of both induced cytoch rome P4 50 and EROD activity.

R E C O MME NDAT I ON

1.

Nalfleet oil di spersant should n ot be used near fi shing ground
and n ursery ground

in the UAE territorial sea water while

com bating oil spi l l .

2.

Oil spil l m u st b e surrounded off shore i n order not t o reach the
coastal area and shoreline area, because most of commercial
fishes are abundant in these areas.

3.

Hi stopathological and B iomarker studies for routine monitoring
should be conducted along UAE coasts is the vicinity of fishing
ground and n ursery ground

to predict the prior impact of

pollutants i n our commercial fi shes l iving near oil field activities,
oil tanker passages: oil refi neries and oil ten11inals.

1 19

CHAPTER 6
SUMMARY

1 20

SUM MARY

Hi stopathological changes in fish tissues due to exposure to crude
oil and (or) oil d i spersant were investigated . Apossible toxic effects of
these treatments as indicated by ind uction of liver biomarker enzymes
were also studied .
I n the present expriments, j uvenile and adult rabbitfi sh, (Siganus
canaliculatus) were exposed to different concentrations of S harjah light
c rude oil ( 0, 4, 6mlll crude oil ) in the presence (or) absence of O . 3 mlll
Nalfleet dispersant ( Maxi-Clean 2) dissolved in sea water.
Juvenile fish were exposed to treatments for 3, 6, 9 and 1 5 days,
and ad ult female were treated for 18 days . Skin of j uvenile fish showed
shrink age of epidermal layer, fusion of epidermis and dermis, increase in
the n umber of Malpigian cel l s and expansion of Stratum spongiosu m .
Hi stopath ological changes in j uvenile g i l l s indicated fusion o f the
lamellar tips, spots of inflammation in the secondary lamellae, increase
in mucous cel l s, l i fting of lamellar epithelium and swollen the tips of
secondary lamellae.

Microscopic observations for the liver revealed

compreSSIOn

i n hepatocytes, mild leucocytic infiltration, c)toplasmic

vacuolation ,

necrosis i n the cytoplasm of hepatocytes with pyknotic

n uclei,

l arge

i ntercellula r spaces,

slight distortion to the radial

arrangem ents and losses of n uclei .
In adult skin, a decrease in epidermal m ucous cell s, club cell s,
melanophores, Kerati nized l ayer thickness and accentric nuclei were
evident. In adult gill s, it was observed a slight swelling of the tips of
secondary lamellae,

marked dilation
121

of blood spaces, reduction in

ch loride cell s and m ucous cell s at the tips of lamel lae. haematomas,
multifo al areas of granulations, pillar cel l s completely broken and tips
of secondary lamellae s\\!ol len and fused .
In adult liver.

slight disturbance of normal architecture. fat

\'ac uolation, yellow precipetates i n the vicinity of blood vessels and
swell i n g of cytoplasm were found. During the breeding season the adult
ovaries showed shrikage of yolk gran ules, interfollicular spaces, atretic
oocytes and congestion of blood cel l s .

Treatment o f j uyenile rabbitfish with a m iA'ture o f sol uble fractions
of 4 mltl crude oil had not effect on cytochrome P4 50 neither EROD
actiyities after 3,

6, 9 and 1 5 days.

rabbitfish with a mixture of 6 m lll

While, treatment of j uvenile
soluble fractions of crude oil,

dispersant alone and plus dispersant showed ind uction on cy10ch rome
P4 50 and EROD actiyities.

Al so,

a

m ixture of soluble fractions of crude oil at different

concentrations, dispersant alone and plus dispersant caused change in
the ratio of total protein i n j uvenile rabbitfi s h meat.

I n conclu sion, exposure of j uvenile and adult rabbitfish with such
pollutants caused h istopathological changes in the tissues of skin, gills,
liver and ovary. These h istopathological and biomarker indicators could
be considered as a powerful tool in monitoring studies in petroleum oil
contam inated areas in UAE territorial sea water.
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A p pendix. 1
Character istics of Sharj a h light cru d e oil .
Parameter

O bservation

1

-

Composition

c 1 - c2

2

-

API

59.9

3 - S pecific gravity
-l - \' apor pressure

0.735
10. 5

at 1 00°F

5 - Hydrogen S ulfide ( ppm )

1.5

6 - Sulfite ( ppm )

< 1 .0

7 - Salt (NaCl ) ppm

1.8

8 - Base S ediment & \\ ater

Nil

1 36

+

(Methane - Decane )

APPEl\TI IX. 2
CHARACTERISTICS OF
NALFLE ET OIL D I SPERSA-'\'1' �1AX]- CLEAN2)
(physical and chemical properties)

I Fonn
I

I

I

i Straw

Color

i Hydrocarbon
I

I

I Odor
I
I

Flash point

I

Relative

1
I

I

Liquid

I 60 !v1in.
I

I @20°C

density

i
I

Solubility in \vater

1 37

Insoluble

°C

SETA

0 . 8 20-0. 840

A p pend ix. 3

RE CORD O F WAT E R
PA RJ\ �, t ET E RS OB S ER
V ED I N TH E
JU VE � I LE RA B B I T F I
SH TANKS.

DOSAGE &

I
'YATER
I TEIV IPE RA T U RE 0C

CONCEN-

DISSOLVED

TRATION
I

I

I

IT

I

I
1
1
1
4 CRLTJ)E : 30.3 1 30.0
1 6.7
OIL
I
27.2 I1 29.5 I
7.2
I
1
11 27.8 1 29. 4 1 31.0 7.2
1
6 ml 'l CRLTIE 28.6 i 29.9 1 30.1 : 7.1
OIL
1 27.5 1 29.4 1 29.0 i 7.2
1 27.9 1 29.4 1 30.2 1 7.1
i
CRLTIE i 31.2 1 29.4
31.1 : 6.7
OIL - 0.31ml'l l
I
I 27 . 8 1 29.2 ,1 ---I
28.3 1 '9 3 1
6.0
1
6
29.6 1 29.2 30.0 6.0
1
On.. -'- 0.31rnM
29.0
DISPE RSAN
29. 1 ---- 6.0
T
29.6 29.1 30.5 5.9
0.31 mll}
29.0 29.9 ---- 6.8
27.7 1 29.6 ---- 6.8
ONLY
28.3 29.4 30.3 6.8
C O ITROL
29.5 1 31 . 1 1 30.0 1 6.8
m t1

I
I

I

I

I

I

1 5.8
11 5.9

ill

IT

____

----

I

-+ roL l

l

mL l CRLTI E I

I

DISPERSANT

oW

1 64

I ----

I

I

I

I

i

•

•

1 38
•

I

I

I

1

I
I

i

I

.

5.8 I 5.6
5.9 5.2
5.9 5.8
I
5. 9 5.7
I
5 0 5.0
1 5.6 --5.5 --5.3 I 5.1
5.4 ---5.8 5.0
5. 7 .--5.1 ---5.6 5.3
5 . 6 5.5
I

I

DISPERS A'\,l

--1
1 --I

i

I

I

III

I
I

I

I

SAL INIT YPP T

OX YG ENPPM

i

1

I

11 40
40
1 40
I
40
40
I
1 40
1 40
1 40
40
40
11 40
1 40
40
40
40
1 0
14

I

I

i 40

IT

III

40
11 1
40 40
I
1 40 1I -l0
40 0
1 14
40 1 40
1 40 0
4
4 0 i -+ 0
1 40 1 40
40 I1 40
40 , 40
40 1 40
40 I 40
40 40
4 0 40
1
1
40
1 I 40
40 1 40
I

I

I

I

I

I

I

I

I

I

i

I

APPEl'iDIX

-4

T H E A YERA GE BOD Y \\' EIGT H OF JUV El'Ii
L E RAB ITTF I SH STO C K ED
L"ITHE EXP ERL\ 1ENTAL T A.l\TJ( S
o.
1

j
I
I

I

2

I
3
4

5
6

7
8
9

)0
11

1.3
0.4

1 .0

I
1

0.9

I

0.5

I

1.2

I

I

I

I
I

..l

I
I

) 3

0.7

0.4

1.1
0.9

1

No.

I
I

29

I

30

I

1

31

I

32

1
I
I

33

I

1I

38

I
I

40

39

13

I

2.4

41

14

1
I

0. 7

42

1.3

43

2.7

44

I

1.5

45

I

l.2

46

17

18
19

20

21
22

23
24
25

26
27

28

I ollil w eight (g)

I

I
I
,

I

I

1.4
1.2

I

0.5

I

0.9

I

I
II

0 . .5

I

0.5

I

0.3

1

1 .5

0.3

0.9

I

I

I

47

I
I

48

I
i

49

I

.50
51

i
i
I

53

.54

I
I

5 .5

1.0

1 39

I

j

1 .6
0.3

0.5

1.2

I

0.8

I

0.9

I

1.0

1

1.2

I

;

�

I
II
I

I

I
I
I

I

1.5
1 .6
0.5
0.2
1 .0

1.5
1 .6
1.1
0.4
0.6

1.7

52

55. 1

body weight (g)

1.4

I

I

0.3

16

04

0.7

I
I

i

0.6

35

37

I

I

Body wel�l (g)

1.0

36

J

1

34

12

15

A erage

I

Body wt'lghl (g)

I
I

1 .4
1.9
0.7

Appe n d i x . 5

THE AVERAGE BODY ' W E IGHT OF THE ADL'LT RABBITFI SH
RA B B I T F I SH STOC K ED IN THE EXPER!ME!\l AL TA..l\TK S

No.

1
2
3
4

5
6
7
Total weight (g)
Average

body weight(g)

I
I
I

:

I

!
I

I

I

I

I

Gonad weight (g)

29.0
29.0
25.5
29.5
32.0
28.0
23.0

1 96. 0
28.0

1 40

I

I
I
I

J

J

I

I

B ody weight of fish (g)

315.5
375.0
231.4
295.6
415.0
316.0
182.6

2 13 1 . 1
304. 4

A p pe n d i L

6

Dete rmi n at i o n of tota l prot e i n (0/ )
0 by apphi ng
I mpro ved - Kje J d a l I\1eth od for Nitra te
- Free

1

Reagents :

a-

Sulfuric acid, N-free.

b-

Potassium sulfate N-free

c-

Copper Sulfate hydro us

d-

Indicator

2

Apparatus:

a- Digestion rack with gas heaters to supply enough heat to 30 ml flask .
b- Distillation apparatus . .

3

c- Dige s tio n fla sks- using 30 ml regular Kjeldhl or soltv .
type flask .

Determination :
•

\\ eighted samples were p laced (Table. 6 ) in 30ml digestion flask .

•

2g mixture powder contain 2g Z n o. 1 ( Z inc o.xide), 6g of CuSo.4. H2o. (C opper
sulfate hydrous) and 1 00g h.:SO� (potassium sulfate) were added to dige stion
flask.

•

Digestion flask with samples \\'ere placed gently at digestion racks and heated 1 8

hours
•

After cooling , 5 ml of the digested s am pl e s with droplets of distilled water and
1 0 m! of �ao.H 30° 0 \wre added to 50 m1 digestion flask .

•

1 0 ml of H2S0� 1 / 1 0� were p laced in the beaker with droplets of Indicator were
added also to the b eaker .

•

The prepared samples were p o ure d in the digestion bulb on c on d ens er a n d
dropp ed to distillation apparatus for 5min and then rinsed the distillanated
samples to the beaker which a lready contains 1 0 m1 of H2 S O.4 with 1 -2 drop s of
in d icator .

•

4

..<\fier samples b eing evaporated , s amples were titrated with }.;aOH 30�oand
titrated to the end p oint then corrected for blank .

Calcula tions :

Total protein detennined by applying the fo llowing form ul a :
{ ( ml HCL- m1 blank )x Nonnality x 1 4 . 007 x l 00}/mg
=
%N
1 .043 7 5
1\aOH F
F x 9.6
1 . 002 x 1 0
1 . 4( 1 0. 1 2 - X) l Ox 1 00Fx 6 . 2 5 I Sample we ight (mg)
=

141
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